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PREFACE

HYDROGEN ENERGY is a continuing bibliograrhic summary with abstracts
of research and projections on the subject of hydrogen as a secon-
dary fuel and as an energy carrier. The first volume was published
in January, 1974 and is cumulative through December of 1273,
Additional copies are available from the Technology Application
Center, as are the quarterly update series for 1974, 1975, 1976,
1977, and the first quarter of 1978.

This update to HYDROGEN ENERGY cites additional references identified
during the second quarter of 1978. It is the second in a 1978 B
quarterly series intended to provide "current awareness" to those
interested in hydrogen energy.

For the reader's convenience, a series of cross indexes are included”

which track directly with those of the cumulative volume. See
"Guide to Use of the Publication.” -
A library contalnlnq some of the articles and publications referenced
in this update and the cumulative volume has been. established and

the Center will, on a cost-recovery basis, aid readers to obtain
copies of any cited material. Although a considerable effort has
been made to insure that the bibliography is complete, readers-

are encouraged to bring any omissions to the attention of this Center.

The Technology Application Center is one of six Industrial Application
Centers established by NASA's Technology Utilization Program to
evaluate and disseminate new technology to the general public and
commercial business.

iii



S5

GUIDE TO USE OF THIS PUBLICATION

A number of features have been incorporated to help the reader use
this document. They consist of:

A TABLE OF CONTENTS listing general categories of subject content
and indexes. More specific coverage by subject title/keyword and
author is available through the appropriate index.

CITATION NUMBERS assigned to each reference. These numbers, with
the prefix omitted, are used instead of page numbers to identify
references in the various indexes. They are also used as TAC
identifier numbers when dealing with document orders; so please use
the entire (prefix included) citation number when corresponding
with TAC regarding a reference. An open ended numbering system
facilitates easy incorporation of subsequent updates into the organi-
zation of the material. In this system, numbers assigned to new
citations in each category will follow directly the last assigned
numbers in the previous publication. The citation number of the
last reference on each page appears on the upper right-hand corner
of that page to facilitate quick location of a specific term.,

A REFERENCE FORMAT. containing the TAC citation number, title of -
reference, author, corporate affiliation, reference source, _contract
or grant number, abstract and keywords. The reference source tells,.
to the best of our knowledge, where the reference came from. If
from a periodical, the reference source contains the periodical's
title, volume number, page number and date. If for a report, the
reference source contains the report number a551gned by the issuing
agency, number of pages and date.

An INDEX OF AUTHORS alphabetized by author's last name. A reference's
author is followed by the reference's citation number. For multiple
authors, each author is listed in the index.

An INDEX OF PERMUTED TITLES/KEYWORDS affords access through major
words in the title and through an assigned set of keywords for each
citation. A reference's title is followed by the reference's cita-
tion number. In the indexes, all the words pertaining to a refer-
ence are permuted alphabetlcally Thus, the citation number for a
reference appears as many times as there are major title words. or
keywords for that reference. The permuted words run down the center
of an index page. The rest of the title or keywords appear adjacent
to a permuted word. Since a title or set of keywords is allowed
only one line per permuted word the beginning, the end, or both .
ends of a title or set of keywords may be cut off; or, if space
permits, it will be continued at the opposite side of the page until '
it runs back into itself. A # indicates the end of a title or set
of keywords while a / indicates where a title or set of keywords

has been cut off within a line.
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| | CONTENTS

‘ CITATION
y BLOCK »
NUMBERS * * SECTION NUMBER AND COVERAGE PAGE
' 10,000 I. GENERAL: CONCEPTS, CONFERENCES, SURVEYS,
{ REVIEWS 1
20,000 IY. PRODUCTION 5
t 20,000 A. Electrolytic 5
| | 20,000 1. Conventional Concepts
: 20,500 2. Advanced Concepts
: 21,000 B. Thermo Chemical Decomposition of _
: Water - - 6
| _ 21,000 1. Multistep Processes
‘ 21,500 2. Single Step Processes -
| 22,000 <. Fossil - 8
22,000 1. Coal
s 22,200 2, Liquid ‘ '
22,600 3. Natural Gas , - 7
. 23,000 D. Other ~ 2

23,000 1. Chemical Sources
. " 23,200 2. Biological Methods

23,400 3. Separation Methods

23,600 4. Hybrid Methods

30,000 . III. UTILIZATION | - 12
30,000 A. Space Vehicles-~Rocket Engines, 2
Turbo Compressors 1
31,000 B. Aircraft--Engines, Gas Turbines, ,
Ram Jets *
31,500 C. Ships --Engines, Turbines, and o,
Other - co- -
32,000 D. Land Vehicles~-Automobile Engines, - . -
Gas Turbines, and Other ' ’
33,000 E. Combustion--Research, Testing, and . -7
‘ Physical Properties 12
34,000 F. Fuel Cells P
.. 34,000 1. Reviews, Basic Operating Prinéi=

ples, State of the Art
34,100 2. Design and Development

A

34,100 a. Design Processes and Consid- s
erations - -
34,200 b. Development and Testing .




CITATION
. BLOCK

40,000

50,000

NUMBERS * *

- CONTENTS (continued)

SECTION NUMBER AND COVERAGE

34,200 (i) General
34,500 (ii) Water and Heat Removal
34,600 (iii) Electrodes

34,800 3. Applications--Existing and
Theoretical

35,000 G. Commercial Industrial
IV. TRANSMISSION, DISTRIBUTION, AND STORAGE
40,000 A. Liquid State--Cryogenic Fluid

40,000 1l. General--Surveys, Symposiums,
Reviews, etc.

40,100 2. Liquefaction Process

40,200 3. Thermophysical Properties

40,300 . 4. Instrumentation--Flow Meters,
Liquid Level Meters, etc. -

40,400 5. Storage Tanks, Insulations

40,500 6. Pumps, Lines, Valves, Seals,

N Bearings

40,600 7. Transportation, Handling, and

Distribution Systems.
41,000 B. Slush, Solid, Metal
42,000 C. Gaseous State, Compressed Gas
43,000 D. Metal Hydrides
V. SAFETY
50,000 A. General
51,000 B. Fire, Explosion
52,000 C. Material Properties
52,000 1. Hydrogen Permeation and Embrit-

tlement : :
52,500 2. Properties, Cryogenic Temperature

(W)

AUTHOR INDEX :

PERMUTED TITLE/KEY WORD INDEX

*No citations recovered
**Citation numbers appear on upper right corner of each page
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10029 [, GENERAL: CONCEPTS, CONFTRENCES, SURVEYS, AND REVIEWS

H78 10018 NEW TRONTIERS IN SOLAR AND OTHER ENERGY CPTIONS

Abdel-Hameed, M.F., El-0ifrawi, A.A., (Moreshera Illinois Univ., Dekald, IL), Cevelccment
Analysis aAssociates, Inc., Cambridge, MA, 1976
No absgtract available

(HYDROGEM FUELS, 2 HOTOSYNTHISIS, REVIZWS)

478 10019 EMERGY
Anonymous, NASA Spec. Publ. SP-7043, 408 p., July 1377, CODEN:NSS?aW
This issue of Znergy is a biblicgraphy zhat lists 1000 reports, journal articles, and

other documents announced betwean April 1, 1377 and June 30, 1977 in Scientific and
Technical Aercspace Repor:s (STAR) or in International Aerospace Abstracts (I3d). The
coverage includes regicnal, national, and intermaticnal 2nergy svstams; rasearsh and
develocment on fuels and other sources of energy; energy conversion, 4“Transport,
ransaissicn, distribution, and storage; with spacial emphasis con usa of hydragen and of
solar enerzy. Also included are methods of locacing or using new 2a2nargy rasources. Of
special interast is enerxgy Zor heating, ligheting, ZIor joweriag 2izcraii, surlace veaicles,
or other machizery. Zach entry in the bibliography consists of a standard bibliogramhic
citation, accompaniad in most cases by an abstract.

(CONSERVATION, RESQURCES, STORAGE)

473 10020 COMMERCIAL 2RODUCTION OF HYDROGEN, CHLORINE, AND CAUSTIC: AN OVERVIZW 'f
Cook, Z.3., Tilak, 3.V., (Hookear Chemicals and Plastics Carp., Niagara Falls, YY), Iat. .
Znergy Acency Water Ilactrolysis Workshop, Upton, NY, Sept. 23, 137S

No abstract available :
(ZCONOMICS, SLICTROLYSIS) ' s

H78 10021 ?ROCZSS FOR THE PREPARATION OF HYDROGEN .

. DuPont, A.A., U.S. Patent no. 4,045,548

A series of chemical reactions, based on cadmium with water resaction, is discussed.

(CADMIUM, THERMOCIEMICAL PROCISSES)

g78 10022 PRESENT AND FUTURE ABOUT HYDROGEN N 1977

Galland, J., (Pergamon Press Ltd., §Imsford. NY), Hydrogen in Metals, ¥V 1, 1377, In Franch
No abstract available

(CECOMPOSITION, NICXZL HYDRIDES, STORAGE)

C#78 10023 As THE 2IL 3EGINS TO RUN OCT

-~

Garretz, X., (Auzomotive Ing., London, England), V 2:48-31, N3, 1977
No abstract availapla

(AUTCMOTIVE FUELS, COMBUSTION PROPERTIZES)

373 10024 HYDROGEN FUEL: A TECINIQUE FOR ENERGY USE

Sregorv, 2.2., (Iast. 2% 3as Tech., Chicago, Il), Pergzamen Press, Iac., Zlmsford, WY, 1377
A ories raviaw is given, indicating zhat 2csnemic, father than technical croblams,
trevent wilespr=acd isa oI aydrsgen. - :
{APPLIANCIS, CEZMICAL TIZDSTCOCXS, ICCONOMY) - -
P
273 10023 sSO0LAR, CECTEERMAL, HYDROGEN, AND HYDRACLIC 2CWER =
Fall, T.7., ‘Stanisrd Linear accel. Canssar, Stanford Jniv., Stanford, A}, ASCI . Power T
Syv., T L34:71-32, ML, 5 rafs, Tep. 1373, IZODEV:IPWEAM c
A ccmpranensi-cra amersv =ollcvy o3 adoptad z2rx2 and aorsad 0 s0ive tRe 2nersy Irisls.
lzzzalx Isazures 3 suex 2 soiosy 2ara constierad, Lncleding s0lar, zactnerma., nvirc- -
2lectris, and wiad cower 2iant astlizacions. The 20551312 ise 2I werghtlass zallzcen
ssllacssss =2 raduce =38t 3 s0lar-alaguris zcwer zlancts s Zescriled. ?Prasent stacus of

N
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geothermal power plants i3 raviewed. The use of hydrogen as a Ztel and for znergy
conversion, «ransmissicn, and 3torage is descrited. 2Ossibl2 uses cf untacped or -a2mots
sources of aydro-elaciric power are listed. The pcssisle usa ol wind power i3 refarzed :o.

(ZNERGY RESOURCZS, GENZRATION)

278 10026 ZCONOMIC EVALUATICNS OF TUSION-BASED EZNERGY STORAGE SYSTEMS IN AN ELECTRIC

OTILITY

Bwang, W.G., (Texas CTniv., Austia, TX), COniversity Microfilms order no. 77-22,971, Uniw.
of Taxas, austin, TX, 1377
No abstzract available

(BREEDING, CCMMERCIALIZATION, HYBRID REACTORS)

B78 10027 LIQUID HYDROGEV AS INERGY SOQURCE: ZCONOMIC CONSIDERATIONS THROUGH A COMPARIZON
WITH IMPORTED LIQUEFIZD NATURAL GAS

Xandlar, G., Gas Waerme Int., V 26:373-377, Aug. 1377, Ia German, A78-20516

The csrocesses of liguefaction, transcors, and distridution of natural gas, regarded
as achiaved tachnologies, are used as a basis I3r ccmpariag :=ie corresbonding srocaesses
for liquid aydrogen. The main Zactor in the economic picture is the fact that the
minimum enerzy Fer unit mass reguirsd for hydragen liguefacticn i3 about 13 times aigher
than that Ior natural gas liguefaction. Solar =2nergy mav be used in the process of
obtaining hydrogen S-tm watar. The sun's energy will te without cost, but many
investments must te made in aorder to davelop a workable system. Istimates are nade for
the cdevelcoment of a c:mpie ligquid hvdrogen impor: chain. 3eariag in mind the
inerea<ing cost of Zossil Iuels, one concludes that liguid Aydrogen can secome competitive’ 2
at the beginning of the 2lst century. :

(20ST ANALYSIS, ICCNOMIC TACTORS)

= -
478 10028 HYDROGEN GENERATION PRCCISS, Quartarly Technical Progress Report, November 17, .
il976=-February 16, 1377 -
foump, V., (Westinchouse Zlectric Corp., Advanced Energv 3vstems Div., Pittsbuxrgh, PA), -
(ERDA) , NTIS 44=-(TI 3509)78 77 o., March 1977, contract no. ZX-76-C-01-2262 .
* The oSbjective of this program is to assess the tachnical 2conomic Isasibility of a
aybrid electroly=zic-thermochemical hydrogen generation srocess, Sased upen +he alectrolysis
of sulfurcus acid. To do =his, 31 multi-task osrogram is Deing carried .out to experimentally
determine the oreracing charactaristics of ev drocess staps ia the nydrogen-generating
. cycle and co perisrm 2ngineering and aconomic 2nalyses to svaluate the system. DJuring zhe
second guarter, consicderapls Drogress was made in the overall grogram
’ (ZCONOMICS, ELECTROLYSIS, RESEARCH SROGRAMS)
H73 10029 HYDROGEN AS A CARRIZR OF ENERGY: AN ALTERNATIVE WITH A TUTYRE
Ove, .., (Tech. Tniv. Wien, Wien, Austria), Ilektzotech. ané Mascainenbau (ZUM), Austria,
7 94:408-412, N10, 24 z2f3, Cec=. 1977, COLEN:ZXMBAY, In German
The use and production of hydrogen is considerad. It 1s shown to Se suitablas o
basic purvoses and :o have an imperzant Suzure as a Zuel wvpich can be pdiged in liguid or
Zasequs Iorm. Tutura use depends an the aconemiss oI large-scale production, wnich mav te .
sclved Dy the use of solar anergy. . . - )
{ZCONOMICS, 2ESCURCZIS, SOLAR 20OWER) - -' -
273 10030 HYDROGEN _ - -t
eed, .M., (Czor. Am. Chem., Louisvills, X¥), I3nf. P?roc. Inergy Tach. Handbock, V 38: -
4/28-4/43, 1377, ZOCEN:28YZAD, McGraw-Hill, New Yorik, NY - ©os i
Avail:Considize, .M. g -
Ylo abstract available . - =
. (RETVIZW) . x
- -
S TEZEMNIQUES TOR INZRGY CINSERVATION e,
- J. AL, , Iz2., 3an Tranciscs, Ay, ?TIC., Am. Pe%. Iast., Secz. .
75
a7arlapla -
'CCMPBI33CRS, I25T, HUSACCIACKING
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H78 10032 ENERGY CONSIDERATIONS IN ZHE POWER SYSTESMS
Seotz, R.Z., {(Tniv. of Fecroleum and Minerals, Sharan, Saudi Arabia), Cevelopment Analysis
Associates, Iac., Cambridge, MA, 197§

No abstract availabls

(ZLECTRCLYSI5, ZVAPORATICN, 3OLAR INERGY)

o]

478 10033 SYNTHETIC LIQUID FUEL5S DEVELOPMENT: ASSESSMENT OF CRIT TACTORS, VYolume IV,
ENERGZ/ZCONOMIC COMPARISCN OF COAL-3ASED AUTOMOTIVE ;NERGY SUPPLY SYSTEMS

Steele, R.V., Sharma, X.J., Dickson, £.M., (Stanford Research Inst., Menloc 2ark, CA),
ERDA-76-129/4, contract no. ZY-76-C-33-0115, ZRA citation no. 03:008598

Attention was ‘:cused on anergy supply systems thac could provide automotive snergy.
Six coal-based snergy Zorms: gasoline refined fram synthecic czude oil (syncrude) ,
methanol, gasoline produced by Fischer=-Tropsch synthesis, Liquid hydrogen, liguid methane,
and elec::ici:y were analyzed in terms of c¢ost and energy consumption. Usiag only coal-
based energy forms sromoted consistancy ia the compariscon of options.

(AUTOMOBILES, COAL LIQUEFACTION, EFFICIENCY)

278 10034 TECINICAL CONCIPTS AND TCONCMIC PROSPECTS TOR THERMAL HYDROGEN POWER PLANTS FOR
PEAX LOAD GENERATION

Tanner, W., (Dornier System GMBH, friedrichshafen, West Germany), In Int. Worksheoo on
Hydrogen and it3s Perspectives, Liege, 3eigium, Proc., (A78-13826 06-44), ¥V 1:23, Nov. 15- -~
18, 1376, Assoc. Des Iagenieurs Zlectriciens Sorsis de L'Insticut Elaczrotschnigue .-
Montefiore, 1377, In German, A73-18847 -

Attencion is given :o hydrogen-oxygen steam generators and closed gas-turzbin
procssses with incternal aydrogen-oxygen combustion, WO tachinigues applicabls 19 seak-lsad
elecurical generation. Costs of the electrolysis, the aydrdgen and oxygen storage
facilities, and the stsam generators Or gas-turbinle adaptaticns needed Zor the aii-ogen-
BXygan sower slants are analyzed. 1In additicn, advantages of the hydrogan-oxygen jower
elants, -nclud;:g the absence of polluting emissions and =he low cost of raw materials dor -
Zuel, are mentioned.

(BOILERS, ELECTROLYSIS, GAS TURBINES) ' -

H78 10035 HYDROGEN AS AN ENERGY CARRIER -

Tschegg, Z., Wachtar, W., {(Inst., fur Angewand:ts Phys., Tech. Univ. Wien, Vienna, Austcia),
Cesterr. Ing.-2., Austria, V 20:333-339, N10, Oct. 1977, CODEN: OCSIZAN, Ia German

Favorable ccocmments are discussed in regard =o cthe "hydregen 2ccnomy; " che principles
of the diffarent methods proposed for the product=ion of nvdrogen (elaczTzolv=ic, .
thermochemical, photolysis of water)‘are sxplained and compared.

(ENERGY RESOURCES, GENZRAL REVIZW, HYDROGEN, PRODUCTION) .

473 10036 HYDROGEN AS AN ENERGY CARRIER, II ;
Tschegg, =., Waschter, W., (Inst. Zur Angewandte 2hyvs., Tach. Univ. Wisn, Wien, Austria),
Qesterr. Ing.-2., Austria, V 20:386-392, N1l1, 50 rafs, Nov. 1977, CODEN: 0SIZAN, In
German

This review deals with hvdrogen as a peaking sower scurce, as 3 fuel Zor air and
gTound =sanspors, 25 an anergy carrier for housenold and iadustrv, and zhe 3torage and
distributicn of aydrzogen. -

(DISTRIBUTION, TUEL, STORAGE)

378 10037 CIMTESRUMATIONAL WORKSHOP ON FYDROGEN AND ITS 9‘?$P’C“‘V”S, LIZGE, 3ELGITM, Yov.

13-13, 1375, ?roceedings, 7olumes l 3 2: 60.30 H .
Worksnog Scensorad zv The Asscciaticn Zes Ingeniaurs Ilaczricians 3ortis de L'Iastlzut
Zlactzstechnigue Mentafiora, Liage, 3elzium, assoc. des Iagenleurs Ilactricians Sorsis &
L'Institus Zlses-otacaniIue Montafisre, AT3-13827 1o 513-'3853), 7 L:833, v o2:227, 18T7,
Iin French, Inglish, and Serman, A73-13826 -

Coal gasification, »arzial sxidacion, zazaly=ic srack:ag, 213¢TI2Llvsis, and
thermocnemical 3Ivclia za2cnnizues or opralning avdrogen Iiels are ra2viawed, and the use” of
aydrogen Ior airzrafs fuel, ausomobila Drosfulsisn svstams and feak-load alacsoncal
Tenerazion .s i:scussad. Tagizs 9% the lde fixed z2d, Iluidizad ted and
sncrained chnase zsal zasiiizasion sroced 2olam3 1o acdvancad al3g=rolos:
svstams, sCilidi zeivmer alagiraliwa wacar -5, Iomguisr odes Ior analy :
zhe fsasisdilizv s e cnemizal cvcles Tr3cen, tie isa I ghotosyntnetis
srocassas foz avs n zaneraz.an, avess < and 3T3rage systams  iacluding
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chose Zhat usa nectal hydrides), a MNASA study of the Zaasibility of adoptiag lizuid
hvdrcgan air craft fuel, hyvdrocgen as used in chemical orocessing, and the toxicological
affacts of ayd-ogen.

(AIRCRAFT TUELS, INERGY TECANOLOGY, TOXICOLOGY)

278 13033 HYDROGEN IN THE EINERGY 3VYSTEM OF THE NETHERLANDS, A P0SSI3ZILITY FOR THE FUTURE

(Nijverheidsor;anisat;e TNO, Apeldoorn, Nethaerlands), 23 »., Sept. 1975, GRAI7305, ZRA
citacicn no. 02:03583577
Avail:NTIs, US Sales only

The consequences of the shiit from fossil to other energy scurses to :the axtant that

other ressources are dominant werea Lavestigated. A scenario Ls presented on the rate at
which, during the transition period, hydrogen can be intzcduced into tie Dutsh eccnomy.
?roduction, storage, transmission and distzibuycion, environment znd safecy, and
utilizaticn in stacionary uniss and vehicles are cansiderad. £ could be concluded zhat
the;e are no serious objecticns in connection with the zransiticn to =he use of hydrogen
as fual.

(DISTRIBUTION, ZILECTROLYSIS, INVIRONMENTAL ZFFECTS)

978 10039 <EZNVIRONMENTAL ASSZSSMENT OF THE HYGAS PROCZSS, Montaly 2rogress Repors, May 1
May 31, 1977

(Inst. of Gas Tach., Caicage, IL), (ERDA), 21 p., Sept. 1977, Contract no. IX-76-C-01-2433,

GRAI7808, ERA citation no. 33:007825
The environmental assessment srogram Ior the HYGAS Process was started with HYGAS

Tasts 33 <hrough 33, wnich utilized Montana su-situminous z2al (nonagglomerating) Ixrem
RwWsepud seam. 3eginning wicth IYSEAS Test 33, 2ilot 2lant studias were startzad wizh
tllinois no. six bisumincus coal Irom the Peabody no. 10 mise. In zhe HYGAS t2scTs wWik!
sud=-bizumincus c2als, light~-oil samples racoverad Izzm the 3t2am striccer wers analvze
Zor orzanic constituents by gas chrsmatograghy-mass spectrametar {(3CMS) technizues.
?henols wers not detected in the stripred oil samples; .consegquently, samples of zhe uoal

ar

o
-t

feed oil sluxry were recovered ané analyzed gsrimarily £or pshenols. -

(AGGLOMERATION, CHEMICAL ANALZSIS, TORECASTING)

- 878 10040 EVALUATION OF THE USE OF HYDROGEN A5 A SUPPLEMENT TO NATURAL GAS

(Ad Hoc Commitiee on the Use of Hydrogen for Yatural Gas éupplementation, ERDA) , 71 2.,
June 1377, GRAITS09

The gpotential for mid-tsrm (1985-2000) commercial apoliication <f £he use of aydrogen

for blendlnq ines the zresent natural gas delivery svystam 3as an anergy supplament was

3tudied Sucgessful ‘eve’cpment of advanced el=c”aly~e- <zchnology and availabzl;:y 2
low-cost "o0ff-zeak" and "spinning reserve' electric-generating capacity are basic o =2
concept. 2acausa 10 source was {ound zhat would make such 2 ccncept economically viapl

in the near Ifutcure, =he committse determined tiat a maior faderally Zfunded R.D.sD. program
rs

aimed at groving :the &tscanical feasizilisy is 20t Jjustifiad within =zhe next Zive vear

(SCONOMICS, FINANCIAL INCENTIVIS, ?RODUCTION)

»
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20000 [I. PRODUCTION

H73 20006 THEORY OF EYDROGEN PRODUCTION IN A PHOTOELZCTROCHEMICAL CELL
Scekris, J.0'M., Uosaki, X., (Flinders Univ., Bedford Park, Australia), Cevelcpment
Analysis Associacas, Inc., Cambridge, MA, 1976

No abstract availaple

(EFFICIENCY, PHOTCCIEMISTRY, TITANIUM OXIDES)

H78 20007 EISCTROCHEMICAL ENERGY CONVERSION, II, UTILITIES, MARINE AND SPACT APPLICATIONS

dirschfeld, F., Mech. Eng., V 99:28-34, N7, July 1377
No absgtract available

(VICK&L-CADMIUK 3ATTERIZS, SPACTS VEHICLES, SULFUR TRIOXIDE)

H78 20008 CCNCIPTUAL JESIGN OF LARGE-SCALZ WATER ILICTROLYSIS PLANT USING SOLID POLYMER -

ZLECTROLITE TECINOLOGY ..
Nuttall, L.J., (GE Co., Wilmingtan, MA), Int. J. Hydrogen Znergy, V 2:395-403, 34, 1377,
CODEN: ISHEDX -
The kev to0 the apolicability of water slectrolysis as a means £9r generation af

aydregen in bulk quan:;:;es is :he achievement of aigzh 2£3iciencies (i.a., over 30 percent)
at Aigh enough current densizies to keep the capital ¢o9sts within aconomic sounds. The
solid solymer eisczralyte (SPE) water electrolysis :tachnolegy develoced v the General -
Electric Company is now demonstratiag these 2£3iciencies at current densities up %o

500 A/f£t<, and zhe results of recent laboratory testiig show a zotential for incresasing
this to 2000 A/Zt¢ within the next 10 vears. The design and develorment status ¢f a
scaled-up electrolysis cell suitable Zor large-sized aydrogen ceneration dlants is
described. <Istimated capital costs and operating costs are :ro:ec*ec from wnich %She
resultant hydrogen costs are calculated. -

(DEVELOPMENT, IFFICIENCIZS)

H78 20003 ©?0SSI3ILITIZS FOR IMPROVING THE ELECTROLYSIS CF WATER IN ALRALINE eO’"T’ONS

Sohm, J.C., (Grenoble Universita, Grenoble, France), Graziot<i, R., (Zlectricisze De Trance,
Paris, France), Ian Int. Workshcp ¢on Jvdrsceq and i+s Perspectives, Liege, Selgium, Proc.,
(A78-18826 276-44), ¥ 1:29, Nov. 15-13, 1976, Assoc. Zes Ingenisurs Zlactriciens Sorzis de

L'Ingtizuc E‘ec::ote.hnique MonteZicre, 1977, Ian French, AT3~-18831
Currenct Zensizy, Zemreratura, and pressure are studied 2as critical parametaers for :the
. alectrolvsis of a:er in alkaline sol:ztions =2 sroduce avdrogen Zuel. Ia addizion, =he
use of aickel-zased alloy aleczrodes as catalytic activators 13 mencioned. The adoption
of hizh-cemperazure and Aigh-pressure =’=ct-*’/t~~ srscesses nhas rcesulz=ad in sroblams
connec°e~ wizh zhe durabilicsy of diaphragms and 2ther <components o2 zhe alactarslysi
ystems. The durapilicsy o2 mezals and zlastics (such as solysulione) in alkxaline -
lucions is therefsre analyzed. Zmphasis is olaced on currsncly available commercial
zearatus Ior the alactrolyzic processes.

(CURRENT ZENSITY, 2RSS3URE EFFEC”S, TEMPERATURE ZFF:ECTS) -

73 20303 2TANT TOR TYE 2RCDUCTICN CF HYIROGEN THROUGH UTILIZATION COF ZTAT INERGY e
=2 o2 by
S3TAIVED FRCM A 3A3-CCCLED NUCLZAR REACTCR .
3aumgaerzner, 4., 3arshewiszz, ., (To Hochtemperatur-eactordau 3MBH), Aug. 30, L1377, -
Frioricy dasa dev. 23, 1374, Taderal Repupl:ic 25 Zermanv, U3 2atent 0. 4,043,283
Mo aps=ract avarlacla
JAZIRCCARICUSZ, 2RCCI3Z3 ZEAT RTACSTCRS, 3TIAM)

N
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473 20534 REVIEW OF THZ POTENTIAL FOR TRE USZ OF NUCLEAR 2EACTORS FOR XYDROGEN PRCDUCTIOCN

Werley, N.G., (Babecock and Wilcox Ltd., London, U.X.), Znersy 2ig., Loandea, V 5:40-44, N3,
June 1377
No abstract available.

(ELECTROLYSIS, FORECASTING, PLANNING)

H78 21006 IRREVERSIZILITIZS IN THERMOCHEMICAL CYCLZS FOR HYDROGEN PRODUCTION 3Y WATER
. CECOMPOSITION .

Cox, K.Z., Natarajan, M., (Univ. of New Mexico, Albuquerzue, NM), Proc. of the 1l2th
... Intersoc. Znergy Conversion EZngng. Coni., Vv 1:947-950, 12 refs, Aug.-Sept. 2, 1977, am.
Nuclear Soc., IZEZ, et al., Washington, D.C.

Shewn are major irreversibility gains occurriang due to large exothermic heat losses,
as well as due to separation work. The use of solution chemistry anéd gas phase rsactions
with condensable »roducts may e ways to decrease zhe irreversisil lity in thermochemical
cyclas. The irwzeversibilicy is Zfound to vary with the thermal 2£ficiency; the lower the
irreversibility produced, the higher the cvcla's afficiency.

(CONDENSABLE PRODUCTS, SCLUTION CIEMISTRY, WATER DECCMPOSITION)

B78 21007 LASL THERMOCHZMICAL HAYDROGEN PROGRAM STATUS ON CCTOBER 31, 1377 -

Cox, X ., Bowman, 4.G., (Los Al~mos Scientific Lab., Los Alamos, NM), Annual D20 Chemical”

Znexgy Storage and Hvdrogen _ner~y Systems Cant:ac* Review Mty., Nov. 16, 1977
Cyecles using sulluric acid as an intermediate are discussed.

(BISMUTH SULFATES, SULIURIC aciD)

g73 21008 DOESIGN AND 'VALUAT’ON OF THERMOCHEMICAL CYCL=ES: THE WORK PERFORMED AT J.R.C.
ISPRA ISTABLISHMENT . ‘ -

‘De 3eni, G., (Euratam and Comitaro Nazionale ger L'Energia Nucleare, Centzo Comune di
Ricercshe, Ispra, Italy), In Iat. Workshop on Hydrogen and its Persgectives, Liege, 3elgiunm,
?roc., (A78-13826 06-44), ¥V 1:19, Nov. 13-18, 1976, Assoc. des Ingenieurs Zlectriciens
Sortis de L'Ingtitut Zlactrotscanique Montefiors, 1977, ATS-13835

Attention is given =0 such proposed watar-splitzing thermochemical cvycles as th
Aydrolvsis of calcium hromide, izon-chloride cycles, and aybrid cvecles iavolvi ag ;ul:u:;
acid decomposicicn. Camputar codes writsen for =he avaluacticn of the thermal a2fficiancy
and the heat coupling 3f chemical plants with heat sources are reviewed, with emphasis on
their utility as thermochemical cycle design aids. Other consideracions relevant %o the
design of cvcles include the cost of separating materials, sroblems in the fluidificacien
of solids, and zizermodynamic liaiss related =0 the number oI reac=ticns ia pure ané aybr:d
cycles. A sullfur dioxide~iodine cycle which uses axcess ligquid sullfur dicxice as 2 means
for separating aydriodic and sulfuric acid is hreld to bpe very promising.

- (ENERGY TECHNOLSGY, SULIFURIC ACID, THERMOCHEMISTRY)

¥78 21009 THERMOCHEMICAL HYDROGEN PRODUCTION: ~ENGINEERING IFFICIINCY AND ZCONCMICS

Tunk, J.Z., {Taiv. 9f Xentucky, Laxiagton, X7}, Xnoche, X.7., Ia Int. Worksacp con dvdrcgen
and its Perspectives, Liege 3elgium, Proc., (A73-18826 36=44), ¥ L1:25, Nov. 15-13, 1375,
Asscc. des Ingenieurs :le <riciens Sor=is de L'Institut Zlac=rotachnique Monteiliors, 1377,
A73-13834

This paver cresents 3 3discussicn cf afiiciancy and costs f2r thermo <

srodugtion srocessaes. The affact oF TAXINUR 3TOcess iamperiacurs 3n il Vs -
sullur cveles is shown. The most rzecent rssulzs on she aybrid sullur:ic s

are 1ncluded, alcng witih 1 comprehensive Ilow spneet for Thls process. ] -
2nergy aralvysis, wnicha slsarly shew where zie irraversizilitziss Jccur in si T
SCw tnev -nZllence e nuclaar reacTiar SCWer Iitiag, L3 3130 srasenctad. i, -
23Zact 32 osverall srocess thermal afficiancy and zhemical plant investdent SOST o

avdrogen praducticon 9st L3 develcped. . -
<S28T ITTICTIVENESS, IRPIZVIRASIZLE PRCCIS3ES, SULITURIT ACID) >
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478 21010 PRODUCTION CF HYDROGEN 3Y THERMOCHEMICAL REACTICNS

Roffxzan, H., (Univ., Zrlangen-Nuernberg, Zrlangen, Germany), Chem.-Ing.-Tach., V 48:87-90,
N2, Feb. 13976, Ia German .
No abstract availanle

(HALIDES, IRON CHLORIDES, TRANSITION ELEMENT)

H78 21011 REVISED FLOW SHEET AND PROCZSS DESIGN FOR THE 2ZnSe THERMOCHEMICAL CYCL:

Xrikerian, 0.¥., Ctsuki, %.8., (Califormia Univ., Lawrence Livermore Lab., Livermora, CA),

1l 3., Oct. 27, 1977, Rept. no. CONF-77131-l, contract no. W-7405-ENG-48, COE Annual Chem.

_ Energy Storage and Hydrcgen _ner,y System Contracts Raview, 3altimore, 4D, Yov. 15, 1377
Avail:NTIsS

The authors have completed a preliminarvy process design, Zlow sheet, and an econcmic
analysis of an improved versicn of the 2nSe cycle for aydrogen sroduction. The amount of
ZnS04 that needs to be decomposed at nigh temperaturas has been reduced by a Zactor of two
in chis revised cycle, thersby Toth lowering cverall aneat reguirsments and spreading out
the prime zeat raquired over a broader temperaturs range than -aiors Corzesvonding
improvements have Seen achieved in bpoth cvcle effigciancy and =qu;pmen: costs. aAssuniag a
VETR nuclear r2actar heat source and incorporatiag special equipment designs Iar critical
steps in the cycle, we 10w obtain an overall cycla afficisncy of about 40 percent and a
nydrogen production csost of about $§13/GS. We seliave that ziis cost 1s consarvative at
this point of cycle development becausa the input data on reaction raisss and 2quipment
lifetizmes have been conservative, and the analysis has not been optimized. -

(ZCONOMICS, IINC SELZINIDES)

273 21012 CHEMICAL aND PROCISS DESIGN STUDIZS OF “HERMOCH-MICAL CZCLZIS FOR ZYDROGENW
o PRODUCTION

Xrikorian, C.H#., Pearson, R.X., Otsuki, H.3., Zlson, R.Z., (California Univ., Lawresnce
Livermore lLab., Liwvermora, CA, ZRDA}, 17 3., April 13, 1977, Rept. no. CONF-770436-1,
Contract no. W-7405-ENG-48, Thermochem. Hydrogen Res. Mtg., Qak Ridge, TN, aApril 13, 1377._
Avail:NTIS

The ZnSe thermochemical cycle has been modified recently <o convert ZnCl; dirsctly to

Zn0 and reduce the amount of 2nSO4 that needs 0 be decomposed at high zemperatures. The
“odl-;ed cycle shows significant advantages in efiic:rency and process Zdesign. Exploratary

2search on the reaction, IZaClz (1) + 330 (g) implies 2m0 (s) + 2HCl (g), showed %the
-eac* on rate t©o be quite rapid; i.e., 53 percent of aquilibrium cSeing actained in 25 at
300 X. Detailed research has also zeen conducted on =he kinetics and mechanism of
deccmoosition of #y5e. A process design and economic analysis of the modified cycle
indicates the following: overall thermal efficiency is approximately 42 cercent, and
hydrogen production cost is approximately $13.22/10° xj in 1376 dollars for a plant E
producing 27,000 <3 #y3/h. In the CH4-CH30H cycle, attempts thus far o convert CH30H <o
CH4 by reaction with netal oxides and 505 have led 2o Lnaccentablv aigh amounts of H50,
C22, and organic compeunds as by-products. Ia Zfuture studies on this cycle, =he lower
cxides of As, 3b, and V will be explored as rasducing agents :or CH40H. .

(COST, EFFICIENCY, PRODUCTION)

273 21013 METHOD TFOR 3YDROGEN PRODUCTION 3Y #AY OF A THERMOCHEMICAL CYCLIC 2PRCCISS
feenh, C., (Siemens A.G., 3erlin, Germany T.R., Sismens A.G., Muenchen, ZJermany F.R.},
dec. 2, 1975, 2azent a0. 2,321,246/A, In German :

No abstract available o

(AYDRCCELORIC ACID, LEZAD CHELORIDES, LEAD OXIDES)

273 21014 INDUSTRIAL METHOD CF YDRCGEN PRODLCTION -

=
o

cericite de France, 73-2aris Service Mat'l,

Mascarello, J.M., Zoéia, ? Millae, J., lec
311,206/A, In German -

(

.

?aris, Tranca), 2¢s=. 2, 1373, Patent no. 2,
NO abstract availapla

COPPER CHLORIZES, FYROLYSIS, THERMCCHIMICAL ?R0CISSES)

T3 2191

w

ON IF AMMCNIA INTQ EYDRCGIY AND NITRCGEY 3Y FEACTION WITE A 3ULSIZED

soNvERs:
SATALYST
Hazhews, I.W., ZR0A;, Filed May Ll 275, S Patenct 2o. 4,232,813, Juae 13, 1277
O apstracst availaslia
‘CCAL SASIFICATION 2TANTS, I2CN SULIIZES)
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878 21015 THEZRMCCIAEMICAL ?RCTUCTION OF HYDRCGEN

Sayigh, A.M., Sabbagh, J.A., Abdul-Salam, E., Abdul=-Azeem, Z.M., (Univ. of Riyadh, Rivach,
Saudi Arabia), Cevelsopment Analysis Asscociaces, Inc., Cambridge, MA, Hellotechnigue and
Develcocrmenc, 7 1, 1376

No abstrac:t available

(BROMINE COMPOUNDS, IRON COMPOUNLS, ZINC COMPOUNDS)

373 21017 PHOTOLYSIS OF WATER AND PHOTOREDUCTION OF NITROGEN CN TITANIUM DIOXIDE

Schrauzer, G.N., Gueh, T.D., {(Univ. of California, San Diego, CA), J. am. Chem. Soc.,
v 99:7189-7193, N22, Qcz. 2§, 1977
No abstract available

(CATALYTIC EFTICTS, IRON ADDITICNS, TITANIUM OXIDES)

978 21013 CEVILOPMENT OF A SULSUR-IODINE THERMOCHEMICAL WATER~SPLITTING CYCLE FOR
HYDRCGEN PRODUCTION

Schuster, J.R., Russel, J.L.Jr., McCorkle, X.3., Myvsels, X.J., Noerman, J.H., Q0'Xeefe,
D.R., Sharp, R., Stowell, 3.A., Trester, ?.W., Williamsen, D.G., (General Acomic Co., San
Diego, CA), Proc. of the l2th Intersoc. Snergy Canversion Engng. Conf., ¥V 1:920-327, aug.
28-5ept. 2, 1377, Am. Nuclear Soc., La Grange Park, IL, IZEE, et al., Washiagton, D.C.

A three-step thermochemical water-splitting cycle i3 being develoved for the purvose
of producing hydrsgen £-om aoniossil energy sources. This cycle, which emplovs sulfur and ©
iodine, can >e conductad as an all liguid-and-gas 2srocess, using concentratsd solar heat -
or heat from a “;gh-tnmce—at ras-coolad r=actor (HTGR). All chemical reactiocns aave
been shcwn to troceed rapidly and cleaniv. In couglin che cvcla 2o an HTGR, process
engineeriag aas producaed an astimace of 41.4 percent for net thermal =ificiency wnich will”
be obtained Zor che next flow sheet. Matsrial corrosion testing has shown some commercial
construction.

-

(NONFQOSSIL, THERMAL EZFFICIZNCY, THREE-STE?) . -

378 21015 PRODUCTION METHQOD FOR FIYDROGEN 3Y THZ RMOCH;M_CAL DECCOMPOSITION OF WATER -
-makashi, ., 1977 '
Avail:NTIS
No abstract available
(IRON HYDROXIDES, MAGIESIUM OXIDES, THERMOCHEMICAL PROCESSES)
#78 21020 DEVELQOPMENT QF THE STEAM-IRON PROCZSS ?OR JIYDROGEN PRODUCTION, 2roject 3010
Quarterly Report no. 1, July l-Sept. 30, 1976
(Inst. of Gas Tech., Chicago, IL), aug. 1977
Avail:NTIS
Mo abstract available

{CHZARS, IRON OXIDES, 2ESZARCH ?RCGRAMS)

273 22014 2PRCCESS TCR THE CONVERSION OF COAL INTO A COMBUSTI3LZE GAS

Agarwal, J.Z., Ahner, W.3., (USS EIngineers and Consultants, Inc., Pitzsburgh, PA), Marsh
A, In

12, 1973, 2atenz 0. 27443,740 Serman
NOo apstracst availabla H I
(QHEEMICAL ZCMPCSITICN, CTCAL PRETARATICN, TLOW SHEEZTS) - -

£73 22013 HYDRCGEMN FR0CM COAL C3AR IN A CONTINUOUS ZLECTROFLUIZ (ZXPERIMENTAL) 2ZACTOR

3eason, ..., ?ulsifer, i.3i., Wheelock, T7.2.. Iad. Zng. Chem., ?rocess lJes. Jev., T 13:7 - .
135-164, N2, april L37%
No anstract availazie

S megmvege - o emmeam
SHIZMIZAL RZACTOR2S, FLUIDIIEZD 2ED)
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978 22015 CATALITIC CONVERSION OF COAL INERGY TO HYDROGEN, Monthly Repcre, May l-May 21,

} 1977

|

' Starkovich, J.A., Pinkerten, J.D., Motley, E., (TRW, Inc., Redondo 3eack, CiA), 15 2., June

. 1977, GRAI7807, contract 20. ZX-76=-C-01-2206
dotential of a hyrdrogen generacion procaess, based uton reactions iavolving char, sctaam,
line, and metal salt additsives. (Cesign, constricticn, and preliminary checikout tasts of
the elevated pressure Iluid ced reactor rave been completed. A raview 9f the safaty of

operaticn of the reactor system was completed, and TRW mnanagement agproval o operats =zhe
system for char gasificacicn studies up =0 a temperaturs =2f 7350 C and a zrassure oF 130
psi was granted. Cactalyst ktranscort studies were completed uader zhe Gasificaticn
Reaction Physical-Chemical P?roperties Task. In the studies completed, zotassium carbcnate
catalyst, abpplied =0 a high surface area silicon casbide supgore maceri ial 2nd immersed in
a char bed, was shown =2 be mchile during the char-steam reaction and able to catalyze,

~ -~ though somewhat ianeffsctually, the char zasifizacion reac=ion(s). Gasification
experinents were carried out in the Iixed-bed reac=ar system =g detsrmine the 2ffacts
winich 2 small cxygen gar=ial osressure would have on the product cempositicn and
gasification race of the potassium carbonate catalyzed steam-char-iimestane reaction. The
angineecing analysis affore has paralleled che laboratcrvy researca %o zhe axzent that the
selectad lacoratory data hava feen incorgoratsd into an undated version oI the conceptual
commezcial procass design Ior the TRW coal =o Hy process.

{ The cverall objective of tihe program is -0 cdevelop a sreliminary assessment of the
P

(FEASIBILITY 3STUDIZS, GASITICATION)

278 22017 E=DS COAL LIQUZFACTICON PRCCZ=SS DEVILOPMENT, Phase IIZI 3 Monthly Technical
2rogress Repor=, July l-Aug. 31, 1377

(Exxen Research and Ingng. C2., Linden, NJ), 48 2., 1377, contract no. E2F-77-3-01-289%3
Avail:NTI

The =r=c=ss variable study ianitiated during Phasa IIIA with Wyoming aub-ox-um-“ous
coal was cesumed ia the 30 sound/<ay ecycle Coal -‘querac icn Uniz. The wvariabdles
investigataed wers Liguefaction :es;dence “ize and <emperacure. Studies on the one ton/day - >
Coal Liguefaction ?Pilot 2lant csntiaued wikh nvcm11q sub-pbituminous <¢o2al =o cbrain
additional vield information at longer residence times zhan those praviously tested.
Bituminous coal overators were then rasumed to study the effscus of increasing the end-

. poiat of the solvent. There were no operational d>roblams and chere wers2 no apparent -
yield diZferances zetwaen the standard solvent and :he Ligher and-point sclvent. A high
molecular weight zationic fSlocculant effeczively sactled both Illinois and Wyeming coal
fines Irecm a watar slurry. This additive may :e used in the disgosition ¢f coal fines
from the 250 zecn/day Ixxon Coal Liguefac=sion ?ilet 2lant o an existing rafinery solids

. serzling zond. 2nalyses cf fines from studies in whe FTluidized 2ed Tni:z showed :=he ash
content of the =325 mesh material o be conmsistencly greater then 39 wt. cercgenc.

-

i e (COAL FINES, LIQUEFACTION, MATERIALS TESTING) : ' ’

373 22013 2PREPARATION OF A CCOAL CONVERSICN SYSTEMS TETCHENICAL DATA 800K, PROSECT 3979
Menchly Status Repors, Aug. l-aug. 31, 1877

! (Inst. of Gas Tech., Chicago, IL), 30 »., Cet=. 1377, contract no. IX-76-C-91-2286

! Jarious correlations for estimating =ha zaloriiic ralue of coal Irom iis elemental
composition are compared using an a2xtanded data sase of Americal ccals. Charss that give
Parzial gressures 27 NEj and H35 ia the #Nj - #3S5 -#,0 sudsystem ara presencad. The -
equilibrium zonstants Zor reactions Of iantarest in coal cconversion arocesses ars sresentad

as Iunctions of zemperaturs. Thrae correlations Zor salsation velocizy ia aorizontal jas- - .
30lid transport are svaluated, using avajilable data on salzaticn velocitias, ZIxcerimental R

and calculatad fluii zemperaturs »rofiles 1a coal-slursy Keatars are comparad 97 a low
solveant to coal racio (S/C = 1.53). Heat transfar ccefficient curves (czlculated usiag -
three dilfarenet zeatr =ransfar zorrelaticns) are sresantad as Iunctions of tamperatura “Iox -
various solvent/coal ratiss and Iluid velocities.

-CHZMICAL RETACTIONS, HEAT ?RANS‘ZR ZNEUMATIC TRANSPORT) - o i
- - -
- -
. E78 23004 PLTEINTIAL TUSL PR0CUCTION TRCOM OMAGHA ’
-
- dorznruep, I.J.4.0:., 3erlaca, T.M. Vod—=5A;. ?2.5., Zalz, J.%., (3andia lads., Albuguergue, -
SAY R LI - o - - e -y =z A A=A -
GARE e T, L@ 0, SSHIITI2CT SU. Z?¥-T52-34-3735% -
AvALI:NTIS -
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Recent calculaticns and neasurements indicate shat basalzic magma is 2 new, ax=ansive
source Ior Ifuels (hydrogea, carbon monoxide, and methane). The Zuel production processes
have been found %o occur in nature as well as the laboratory, and as a result, the work
indicatas that current concepts of jeothermal snergy can te broadened bseyond oroducing
only steam and heat. When magma i35 consiZered as a geotiermal rasource, iss use for the
direct groducsion of fuels should be inclucded. It is possibla ¢o jenerate saveral nols
percent aydrogen when watar-rich fluid is equilibriaced with the ferrgus and ferric iron
in magma. The basis of the Zuel production processes, :the Zuel vields for injected water
and water plus natural organic matter, and the increased geothermal rasources that would
be nade available by =hese procsssas are described.

(GEOTEERMAL INERGY, R0CX-FLUID INTERACTIONS)

B78 23201 FUZL3 AND CHEMICALS FROM CRCPS

3ungay, 3.R., Wazrd, R.F., (US Department of Zner
0.C.), In Tuels from Waste, (AT8-27801 10-44), o
NY, A78-27308

3iomass conversion crocesses designed to provide fuels and chemicals in the long-cerm
are discussed. <Conversion procasses for both agquatic and tarrestrial plants are
consicdered. Products Oof bicmass conversion include synthesis gas, ammonia, methanol,
formaldenyde, alconols, aromatics, etiylene, heterscyclics, sum naval stores, and
callulose derivatives. Anaerobic digestion, pvrolysis, gasificacion, fermentation
processes, and the sroduction of hydrogen by biophotolysis ars the chief processiag
methods acplicable 2o biomass conversion.

Div. of Selar Znergy, Washiagton,

3Y:
. 108-129, 1277, Academic Press, New York,

{BIOMASS, GASIFICATION, WASTE UTILIZATION)

Ey2 23202 ZYDROEGEN TROM SUNLIGHT: - THE 3I0QLOGICAL ANSWER, DEVELOPMENT OF A LCW~COST
CIOLOGICAL SCLAR PANEL -
), ?roc. of the 1977 Annual

Friedland, J., (Dade County Public Schools, Dade County, FL),
L, Sections 14-25, Solar wWorld

pA
Meeting of the Am. Section of the Int. Solar Znergy Soc., V
Meeting, Orlando, FL, June &, 1977
No abstract available

(BIOSYNTHESIS, MATERIALS TESTING, PHOTOSYNTHESIS)

278 23203 POTENTIALS OF 3YDROGEN PRODUCTION THROUGH BIQPHQTOLYSIS

Kramfitz, L.0., {(Case Westarm Reserve Univ., Cleveland, OH), Symp. on Clean Fuels Zzom ~
3iomass and wWastes, Orlando, FL, Jan. 25, 1977, Inst. of Gas Tach., Chicago, IL, March
1977

Clean fuel as a result of biomass and wastes is discussed.

(ALGAE, BACTSRIA, CATALYSIS)

© 273 23234 2PROCESS FOR GENERATING SYNTHESIS GAS

Marion, C.2., Mamarcnek, N.Y., Revnolés, 3., (Texaco Cevelopment C2rp., New York, N¥), July-
i, 1376, 2avenct ne. 2,249,951/C, In German . - -

No abstract availadie -

(CHEMICAL REACTORS, NCZILES, OXIDATION PROCZSS)

78 23233 PHOTOSYNTHETIC PRODUCTION OF HYDROGEN

Neil, 3., ¥icnelas, 2.J.2., 3uckris, J.2'M., ¥eCann, 3.T7., (Tlinders Zaiwv., 3edZarx ?ark,’
Australia), Zel-ootechnisue and Tevelocment, 7 1, 1375, Cevelorment Analysis Associatas,
in%., Cambridge, A - -

N¢ apstract available .

(W)

PHOTISUTHESIS, 3CLAR INERGY CONVERSICN) -

THE PRCLUITICN SF HYSRCGEZN THRCUGHE USE OF THE PHOTCSMNTHETIZ ACTICN OF 2LAaNTS  *-

., Liage Tniversits, L.aga, 3elziim, _
- ; l.D0333;
‘eg ?re2c., Liace, 3Jeilgium, AT3-1332%8 )8
urs Zlagtziziens 3er=is de L'Instiiuz
T ats
" el228 -
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The culture of mniczoalgae for fesrmentation reac=ions, and the ceonstruction of
bioreac:tars containing components of sreen plants or baczaria are proposed £o utilizs
shotosynthetic srocesses 2or the producticn o2 avdrcgen Itels. Ia parsicular, the culzure
of bacteria of the genus Clcstridium is suggested for aydrogen sroducticn Irom
fermencation; recovery of nizrogen ané phosphorus Zrzsm :his srocess, as well as from
methane production £rom the jenus Methanobacter, is foreseen. The use of hydrogenase
synthesized by algae or sacsteria (a2.3., green algae of tle genus 3Scenedemus) for hydrogen
production i3 aiso considered.

(ALGAZ, FERMENTATION, MICROALGAE)

278 23606 USZ OF SOLAR ENERGY FOR DIRECT AND TWQ~STEZP WATER DECOMPOSITION CYCLES

Bilgen, ., (Ecsle Polytechnigue, Montreal, Canada), DuCarroir, M., Foes, M., Sibieude, 7.,
(CMRS, Laboratoire des Ulira-Refractaires, Cdeillc, Pyrenees-QOrientales, France), Trombe,
F., (CNRS, Laboratoire de L'Znergie Solaire, Cdeillo, Pyranees-Qrientales, Trance), Iat.
J. Hydrogen Znergy, V 2:251-257, Cc=. 27, 1377, A78-15048

The Zeasibhility of using concentrated solar energy at high tamperatures to decompose
wazer is axperimentally demonstrataed. Praliminary sctuadies show that dirasct deccompositicn
of water at 2000-2500 C is possible, and that the nain develcement should e directed
toward reactor design and %he separation of oroduct gases. On the otler hand, it i3 shown
that two-step thermochemical cycles Zor aydrogen zroducticon are fzasible when the
reactions are carriaed out at appropriate high temperatures in a solar furnaca. The
thermal decomposition of zinc oxide, suitable for such a two-step cycle, is studied in
detail.

\.\

(EYDROGEN PRODUCTION, THERMODYNAMIC SFFICIEZNCY, ZINC QOXIDES)

478 23607 SOLAR ENERGY STILIZATION: THE PHOTOCIEMICAL APPROACH - .

Broda, E., (Univ. of Vienna, Vienna, Austria), Development Analysis Associatas, Inc.,
Cambridge, MA, 1976
No abstract available -

(BACTERIA, PHOTOSYNTHESIS)

H78 23608 SYDRCGEN AND OXYGEN FROM WATER

Tletchexr, Z.A., Moen, R.L., (Dept. of Mech. Zagng., Univ. of Minnesota, Minneapolis, MN),
Science, V 197:1050-1056, Y4308, 2S5 refs, Sept. 3, 19377, CODEN: SCIAS ’

A one-sten, nigh-temperature pzocess is considerad. The 2f3Zusicnal separation of the
aguilibrium components of water substance heated to temperaturss in the range 2000-3000 X
by a concentrating solar collector is exemplified by the one at Odeillo-Font Romeu, France.

{ZQUILIBRIUM COMPCNENTS, PRODUCTION, THEORETICAL)

"H73 23609 SOLAR PHOTOLISIS OF WATER

. 13, 1274, Patented Aug. 38, 1977, .-
523 . :

[

Ryason, P.R., (NASA, Pasadena, CA), 5
Rept. n0. PATENT-4 243 313, 2AT-APPL-
Avail:Commissioner of Pacants, $3.30 -
gydrsgen i3 croduced bY the solar photslysis of water in a first photcoxidation -

vessel with a =ransparant wall Ln chae sresence Of 2 water-soluble pnctooxidation rzagent
and an insoluble aydrogen recombination cacalyst. Simultaneously, oxygen i3 sroduced in a -
second phnotoraduction reactar with a transparaat wall in the presence of an insoluble -
shotoraducticn raagent catalyst. When spent, =he solution Irem the f£irst resaczor i1s I2
into the second -a2actor. A reaction occurs i the Zark in which the redox I2agents ar
ragenerated, and =he regenerated chotcoxidation rsagent soluticn 15 recyclad o <he Ii
r2acor. The chotorsduction-cacalyst is 31 difunctional c=2acent satalyst including.2

tTansiticn metal salt tsgeraer wita a aydroxyl or chlorshydroxyl Jdecomposizion catalyst of ]

., Fi
§58 132,

5T

n o

n

aigh area. -
Z -~
'CATALYSIS, 2HOTCOXIDATION) =
-
27?3 2261) S50LAR HYDROGEYN SZNERATOR ‘-
Secacher, 2.-., 3apbul, A.3., April 25, 1377, US Zatenr ac. 4,153,368 -

Yo agstTTact avarlakla

VINERGY JSNVI2ASISN, 2ecIecTIion ) -
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478 30007 FUTURE FUELS FOR AVIATION

30010/33008

3arrere, M., (Onera, Chatillon-Sous-3agneux, Hauts-de-Seine, France), Congres Int.
Aeronrautique, l3th, Paris, France, p. 21-31, Y65,

L'Astzonautigque, A73-13021

A review is presentad of global energy consumption in terms of the percentages of
various sources utilized. Ffuel characteristics currently reguired by aircrafi esngines

June 2-3,

discussed, noting their precise physical and chemical 2£fecZs on.engine operation.
Suggestions are made with regard ©5 the develcpment of policies for both Zuel consumption
zeduction and the development of new fuel gources,

-

currently used and tleir projected availabilic

1

such as

1977, L'Aercnautigque at

are

(1) economic analyses of Zuels
(2) the potential combination of oil-

derived and synthetic Zfuels, and (3)the creation of wholly synthetic Zuels, perhiaps based

on methane and hyd=cgen.

(CZEMICAL ?ROPERTIZES, POWER IFFICIENCY, SYNTHETIC)

H78 30008 THE LIQUID HYDCROGEN OPTION FOR THE SUBSONIC TRANSPQORT, A Status Report

Korycinski, P.F., (NASA Langley Research Center, Hampton, Via), Proc. of the 1l2th
Energy Conversion Zagng. Conf., V 1:964-972, 22 refs,
Soc., La Grange Park, IL, IZEE, et al., Washington,

A liguid hydrogen fuel optiun Sor subsonic air
continued air transcor< desicn studies, elements of
production of nydrogen, afiicient liguefaczion of nvdrogen, materials Ior long serrics

12

D.C.

sranspor=s is studied. In add

Intersoc.

chis opticn include sconomical

lifs LH9 Zuel tanks, iasulaticn macarials, Ld; Zuel service and installations
terminals, assessment oI LH; hazards, and the engineering Zefinition of an LH

for a large subsonic sassenger air sransport.

(AIR TERMINALS, ZCONOMICAL PRODUCTION, INSULATION MATERIALS)

. 878 30009 CURRENT AND FUTURE FUELS FOR TRANSPORT AIRCRAFT

Troadec, J.-?., (Dirsction Generale de L'Aviation Civile, Paris, France), France

Transpores-~-iviation Civile, p. 46-47, Fall, 1977,

Ia Prench, A78-136489%
Scme of the basic characteristics of liquid hydrogen and methane as aircrafse Iuels

at major air

< -

on k9

fuael system

are compared with the characteristics of the current Jet A and Synthetic Jet A Iuels.

Liguid aydrogen's advantages include an elevated ratio of caleoriiic valu

<9 mass,

1<s

nonpolluting csmbustion, and the fact %hat it can te sbtaiaed nearly evervwhere without

large =ransportation costs. Its disadvantages

i

clude the storage zroblem, the safscy

guestion, and i%s cost. Liquid methane has smaller production cost ané raquirss less

energy Sor production than liguid hydrogen.

(CRYOGENIC STORAGE, HEAT MEASUREMENT, ZYDROCARSON CUZLS)

‘278 30010 AERCOYNAMICS STUDY OF A DUAL-SUEL HYPERSONIC AIRCRAIT CONCIPT

(NASA, Langley Res. Canzer, lLangley Station, VA),
(MCD-300)NASI~-13241, Tep. l-Sept. 30, 1373, X73-104389
No abstract avallable

{(Lockheed~-Calilforania Co.,

(AIRCRAFT MODELS, ?ROPULSION SYSTEM, WIND TUNNEL MODELS)

s
<

£73 33008 PERFORMANCT IVALTUATION CF A IATALYTIC

USING TURBINE ZNGINE TUELS

layzon, .M., (Zex ?rcpulsion lab., ?isacdena, CA),
b

PARTIAL QJXIDATION
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by mass, and therefore =he fuel gas exhibits sugerior Lean-bur“‘ng gualities ra2lative to
the fuel faadstock. The concept of using the very fuel-rich rartial oxiZatiosn cracess is
a Iirst stage of a2 two-stage compustion systam Zor onmoard ©rocessiag of sroadened
spec;f;catlon fuels 0 improve their combustion characteristics is discussed. For che
nonoptizal rsactor Zesign used, excessive catalyst Bed tamperatures and a srovensi:v Zor
solid carbon deposition in the bed wers observed. These phenomena ars 1ot Zully
understood and need further elucidation. Thermal reactor schemes (without catalysts) may
be more advantageously applied to aviation turbine engines, sut these schemes also reguire
additiocnal investigation to delineate design requirzments.

(CATALYSIS, LITE CYCLZ COSTS, TURBOJET)

H78 33003 LINEAR AEROSPIXE ENGINE STUDY FOR REUSABLE LAUNCH VEHICLES, Final Repors, June
1976-april 1977

Diem, H.G., Xizby, F.M., (Rocketdyne, Canoga ?ark, CA), N78-11082 ;
Avail:NTZIs

Parametric data on snl;t-comnus:sr linear engine preopulsion systems are presentad for
use in mixed-mode single-stage~to=orbit (353T0) veaicle studias. .belxm;nary design data
for two select2d engine systaems are inclucded. The split combustor was iavestigated for
nixed-mode operatisns with oxygen-nydrcgen propellanzs used in the ianer combustor in Mcde
2, and in conjunction with sither oxygen/®RP-l, oxygen/IP-3, Oa/CH4, or O4/¥3 provellants
in the outer combustor Zor Mcde 1. 30th gas generatar and staged combustion power cvcles
were analyzed Zor zreviding power to the turbopumps of Zhe ianer and cute— COMPUSTOrS.
Numerous cooling circuits and cooling Iluids /procellancs) were analyzed and aydrogen was
selected as the srefarred csolant or both combusctors and the linear ae*ospzke 102.-e. .
The maximum oreratiag chamber pressure was determined to be limited by tihe availability of
hydrogen coolant pressura drop in the coolant sirsuicz.

(GAS GENERATORS, SPACECRAST PROPULSION) : .

478 33010 COMBUSTICN IMPROVEMENT IN A HYDROGEN=-FUELED INGINE
- -

Furunama, S., {(Musashi Iast. of Tech., Tokyo, Japan), Yamane, X., (Nissan Motor Co., Ltd., -
Tokyo, Japan), Yamaguchi, I., (Japan Autcs. Res. Inst., Ibmaraki, Japan}), Ias. J. Zyérogen
Energy, V 2:32%-340, Oct. 27, 1377, A78-16050

Experimental testing of Hydrogen-'ueled Ang:. @s has verified :that hydrogen can be
used safely and easily, and is a promising fuel Zor autcmobiles. However, there are -
problems with aznormal combustion and NO(X) formation. This paper discusses <i
ghenomenon of abnormal combustion and gresents a correlacion detween the abnormal
comousticn and NO(X) Zormacion. =Ilimination of these sroblems was accomplished after
several _“clne medilications and by an experimentally develoved "combined combustion
process. The characterisrtics of a hydrcqen-oxvqen 2ngine with a hydrogen-~rich Iuel
mixture were alsc studied. This engine was Iound to have an unexpectedly narzcwer range
of operation than a aydrogen-air engine,

(COMPRESSION TESTS, TUEL-AIR RATIO, OPTIMIZATION)

278 33011 FTLAMES OF H9 AND O PROPELLANT SYSTEM IN A MODULAR REACTOR
Guarise, F.3., Menin, G.A., Rienzi, S.A., (Padova Universita, CNR, Centro Di Studic Sulls
Reazioni Alles Alte Tempera:ure e Alle Alte ?ressioni, ?adua, Italy), Tlames as Reactions
in Flow, Universiza 4i 2adova, dova, I=aly, 2. 293-298, 1377, A73-1721l3

The ewvolution of a sSropell flame is mainly <acwn by the reaction en<chalpy T
distrisucion. A modular rocker c*mbus:ion chamber was csonstructa2d in order o allow <he .
measurement of soth =0tal and radiative thermal Zluxes along che comoustor. Tha radiation - -
sensor zand =he exgerimental fechnigue Icor the radiation neasursment ara descrized. The -
resulss obtained wiza the H, plus Q, system conZirm that the radiatilon Izom the Ilame zone
i3 noticeably higher zhan &:jat measured aftzr this zone. Owing £o zhe low combustion . T
2fficiency ralata2d =g the parszicular injector gecmecry, =he re2sults cannot ze dizsczly
compared wisth those osbtained oy Ziepland (1373); nevercheless, a certalin agreement Ls
2vident. . -

(COMBUSTICN CHAMBERS, INJZCTORS, TRANSDUCIRS) -

373 33012

o

RCSISN RATES OF 7aRI0US 2BLATITZ MATIRIALS -

!

DROGZN 7I1M I2CLING OF & SMALL IYCROGIN-QXYSEN THRUST CZHAMBEZR AND ITS IFTECT -
IR

£annum. M., Wber=s, W.Z., wusszel, L.M., (NASA, Lewrs Res. Zanter, Clsveland,CH),
NASA-TP-1093 zZ-3993, UT3-12123

1lentil Lnvestizat rmize vhat arrang -
=i2n 2r.fizes sncu @ ar2s.n riT=2s 2 B
nigh~ztressuze 2as.ii gus LangurTing 3 L
rizrmance. all o3 sli2d =tasfzugh nol
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between the oucar row of iniector elaments and the chamber wall. The Lbest arrangemenc,
which had SwWwice the number of holes 33 thers wer:a Outar oW insa2ction elaments, was also
the simpilest. The verZormance penalties, presented 23 2 reduction in charagearistic
exhaust velocity efficiency, were 3.8 and 2.8 percentiage points Ior the 10 and 20 percent
cooling £flows, raescectively. The best Zilm-csolant injector was then used <o obtain
erosion rates Zor 19 ablasive matarials. The :throat 2rosion race was reduced by a facster
of 2.5, wizh a 190 sercent <oolan: Zlow. Cniy :zhe more 2xpensive sSilica pnenolic macarials
had low enough erosion rates 3o e ccnsidered 3ar use in the nozzle :throat. However, scme
of the cheaper matarials might zualify Zor use in other areas of small nozzlas with large
throcat diameters, winere the higher a2rssion rates ar2 more acceptable.

(EROSION, NOZZILE WALLS, THRUST CIAMBERS)

BE78 33013 CATALYTIC CCMBUSTION OF PREMIXED HYDRCGEN-AIR

Mori, Y., Miyauchi, T., Eirano, M., (Tokyo Iast. of Tech., Tokyo, Japan), Combustion and
Flame, V 30:193-20S, N2, 1977, Ministry of Education, Science, and Culture, MESC-985036,
A78-13485 .

At temperatuzes of 1100 X or zelow (wheres nit zogen oxide i3 not oroduced ia hydrcgen-
air premixed gas) experizental and thecratical -nvest-gat-ons ars carriad out an th

-t

combustion on a cacalytic slacisum Slac-plaze It is Zound =aat (l)using a placiaum Zlae- ..

plate as a catalyst, e low-tem-eza-u \:elow 1100 X) combustion cof hvdrogen=-aiz premix
sramixed gas, having concentracions as low as 2-7 mole, is possible: (2)when the radiative

af3act and the concentration are considered, the surface tamperature and the femperacura
distribution ia zhe boundary layer ars well-predicted by numerical calculaticons; and (3)

the active points of sShe surface may be assumed to de neterogeneously distributed in order”
to explain why &the mean hydrogen ccncentration on the surface is not zero, and &2 explain- -

the thin concenzration boundary laver. . -

(FTLAT~PLATES, FUEDL COMBUSTION, ZYDRCGEN TUELS) A *

878 34011 FUEL CZLL WITﬁ HYDRONIUM 3ETA-ALUMINA ELECTROLYTE
Dubiz, R.R., Reth, W.L., {General Slectric Co., Wilmington, MA), US Patent no. 4,032,694,
Tiled Aug. 26, ‘976, Pateant d June 23, 1977
Patent operaticnm at 24 C.
(ALUMINUM OXIDES, CESIGN) . : .
B78 34012 NEW MATERIALS TOR FLUOROSULFONIC ACID ELECTROLYTE FUEL CELLS, Final Technical
Report, Cect. 7, 1974-april 7, 1977

Gaorge, M., Januszkiewicz, S., (Snergy Res. Corp., Danbury, CT), 49 ., AD-A04441l4
IRC-QL23-7, N73-12531

- Avail :NTIS

dvdrogen-air fuel cells were evaluated with TFMSA nonohydrate and dilute TFMSA.
Pressurized monchydérate cells wers run at power .evels comparable t3 gnospnoriz 3cid Iuel
cells ander similar condizions. Fuel zells wizh from 25 o 50 zercent TIMSA were | _
avalu:ated at 25 and 70 2. A cell with 30 cercent TFSMA was rin for owver 2,000 hours at
room temperaturs without acid replanishment. Power densitiss in excess of 130 mw/cm?
sould ze achravaed at ampisnt zemperazures and prassures wWitd 10w leading cataiysts. The

evaluation of supportad platinum and tungstan carbide cactalyst with dilute TFMSA was

initiated. Silicon carbide was investigataed as a matrix material with TIMSA. -~ -

fELZCT2CCATALYSTS, 3ILICION CARBIDES)

273 234013 30PED SILVER CATALYSTS FOR H,-AIR TUEL CILLS

dcenne, X., (3iemens 3ig, ?crscﬁun:slaooracor- Zrlangen, West Zernmany), 3iemens - -
7orschungs und Iatwisklunesoerizaze, V7 3:350-1 :4, N6, 1377, Res. supPpP. v =he -
3undesminlscarium fuer Torschung wnd T_c“noxcqla. AT3~12644

AN investizaci.an was sonducsed Wizh the Sotecstive o improve a Zoped silver caczaltsc
rezore2d Sv Zcenne 13731, The irgrovement i3 *o make Lt tossidlie =2 2nplov zhe zcazalyst
Isr a :se@ of 1ir ia Ho-aiz Iulel an line alac=roliy=e. red
zazalorsr s foped wizth 3mall amo 2 TL. Tha afiact = 12 arnars 2:3-
sacalyst manufaccuring ssadizion snaracTerisTiIs was studiad Atzamsts
~wars nade =3 .mprova tne Tagalvs cer-urv-ssntiining 2éilcives,  Ilaczozdass
vers sceiined wisa 3 I3mDOSIion sa=a sz mazarial, (I gercent T2ilcn, and
1.4 zerseant ascestos. The alecs on Zuel zell3 Zonmalning sedimentacd

KR

-
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bonded Ranevy nickal 2lectrodes as anodes. The carbon dioxide of che air used in in =he
excteriments was removed witlX the aid oFf soda lime. I& was Zound thac the Hg-addisive

improves the stapility of zhe catalyst fzr long-zerm operatioas.

(ADDITIVES, ZILZCTROCATALYSTS, ELECTRODES)

H78 34014 ALUMINUM-3ASED ANODES FOR UNDERWATER FUZL CELLS

Uzbach, H.8., Carvi, M.C., (David #. Taylor Naval Ships Res. and Cev. Cantar, Annapolis,
MD), Preoc. of the 121 Intersce. Znergy Conversion Eagng. Conf., V 1:276-282, 3 refs,

Aug. 28-Sept. 2, 1977, Am Nuclear Soc., La Grange Park, IL, IZEZZ, et al., Washingten, D.C.
Avail:IZZE .

The ancdic preoperties of various aluminum alloys are studied potentiostatically with
Teasurement of hydrogen evolution and potential. - Also, an aluminum-oxygen Zuel cell is
examined for its polarization tehavior. The lowest rat2 of anodic-aydrogen evolution at
any given potential is measured on high-purisy aluminum, since impurities =end to incraase
the rate of hydrogen ewvolution. Temperatur=z studies on aluminum 3Zuel cells indicate chat
power efficiancy droos saveraly over S50.C. At 50 C, power efficiencies exceeding 30
percent at a power density of 108 ma/cm“ wers obtained. At 188 and 242 ma/cmgy, zhe power
efficiency dropped to 40 percent and 30 percent, raspectively. Aluminum-lithium alloys
coupled with sea watar appear to be more desirabls svstems than those of gure aluminum
because of their higher reactivity (sower densizy), higher specific enerzy, and seli-
activating proverxtises.

(ANODIC 2RQPZRTIES, SZAWATER, SELS ACTIVATING-PROPERTIES)

15
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49990 [V,  TRANSMISSION, DISTRIBUTION, AND STORAGT

H78 40008 VNEW ALLOY SYSTEMS FOR HYDROGEN STORAGE

Adkins, C.M., Taylor, E.J., (Dept. of Materials Sci., Univ. of Virginia, Charlottesvilla,
VA), Zlectrochem. Soc., S2ring Mtg., (2apers in extended summary Zform received only) .
P. 932-933, vay 8-13, 1977, Philacdelphia, PA, Zlectrochem. Soc., Priaceton, NJ
The hydrogenation of metal alloys is studied with tle assumpticn that the
-~ -~ charactsristics of the metal hydride are governed by the electron distributions of the
parent alloy. an approach of alloy bonding theory >reoposed by Ingel and Brewer is used
and applied to the FeTii, system.

(ALLOY BCONDING THEQRY, METAL HYDRIDE)

H78 40009 STCRAGE AND DISTRIBUTICN OF LARGE QUANTITIZS OF HZYDROGEN

Jonat, G., (Zlectricite de France, Paris, France), Colonna, J., (Gaz de France, aris,
France), Int. Workshop on Hydrogen and its Perspectives Proc., Liege, Belgium, (A73-13826
06-44), ¥ 1:19, Nov. 15-18, 1976, Assoc. des Ingenieurs Zlectriciens Sortis de L'Iastitut
Eleczrotechnigue Montefiosre, 1977, A79-13828

Storage of aydrogen 3as in ~bandoned mines and in porous or permeable caverns
(including anticlines with underground aguifers) is discussed. In general, %=schnigues
applied S0 the storage and sransport of natural gas may also te adapted o avdérogen. 1Ia
addicion, atzsntion is given &5 the storage of ligquid avdregen, which may allow for
maintenance in spherical reservoirs of %he 2gquivalent of 19 miilion normal a3 of gas with
daily evaporaticn losses of less than 3.0S tercent. A ‘ccmparative analysis of <he costs_

of transporting hydrogen and natural gas through pipelines is presenced.

(COST EZFFECTIVENESS, GAS TRANSPORT, PIPELINES)

478 40010 SHYDRCGEN CRYQGENIC STORAGE LIQUID FOR AUTOMOTIVE APPLICATIONS AND
CRYADSORSBENTS TOR PIPELINE DISTRIBUTICN SYSTEMS .

Peschia, W., Carpetis, C., (Deutsche Forschungs und Versuchsanstalit fur Luft und Raumfahre,
Cologne, West Germanv), Int. Workshop on Hydrogen and izs Perspectives 2zoc., Liege,
e Belgium, (A78-18826 06-44), V 1:21, Nov. 15-18, 1976, Assoc. de Ingenieurs Zlactriciens
Sortis de L'Institut Elesctrotechnigue Monterfiore, 1977, A73-18844
The design of a compact cryogenic tank for storing the liguid aydrogen used in an
automecbile engine is described, and a crycgenic storage system which would amploy
! adsorbent materials at liguid nitrogen temperatures and moderaca pressures is proposed.
‘ The design of the czyogenic tank would include a2 metal aydride to achieve a loss-frae
storage perigd of eignht t2 ten davs. A prototyre tank with 2 complete pressure and valve
| contrel systam has seen t2sted. Low-pressure cryogenic storage Zacilitiss making use of
\ ‘such adsorbencts is activated charcoal or nickel-silicate compounds are also mentioned. I£
i regenerative heat recovery i3 iatroduced intc she svstem, the cryoadsortents may ofiar a
qore 2Ificient neans of storage than conventional liguid nydrogen t=anks.

(ADSORPTION, AUTOMOBILZ EINGINES, LIQUID HYDROGIN) -

378 40011 TSCHNOLOGICAL DATA 3ASES FOR ENERGY STORAGE - o

Juick, T.M., (CaliZforaia Jniv., Lawrence Livermore Lab., Livermor=a, CA), (SRDA), 1l 2.,

Sept. 23, 1377, 3RAITS07, Rept. no. CCNF-770953-L, conrract 1o. W=-7305-ING-438, ZRDX Info. -

Zxchange Mtg. Zor Thermal Znergy 3Storage ?rogram, 3atliinpury, TN, Sepc. 29, 1377

Avall:NTIs - -
The lata M“anacement 3roup at the lLawrence Livermore Laperatorv s conducting sesearch -

leading ta the zrsation 2f fata nsases I9r 2nerjv storace svstems. These 3ata bases ars”

S I}

Somputar-sased and will contain bDizliograpnic inisrmation, tacerilal croperw=ias Zatd, and
i 2aza on a2ssencial cTiseria fzr aneryy STorace systems.  ACCeSS SO inese sentral Iiles will 7
- Te Irom ra2mote zarminals Sver ComSutar 1e8tWOrks and sv sa2lapnone iial-up, 1n addition 2o
the nore sonven=-icnal means o Somputer-generacad ragortiag, and iissinmination In magnecis 4.
Tace. T3 valiiata tihe material ctrorer=ias 2za, 3 working igraement 11as ceen 2s5tagilsned -
. ' Lawrence LiverTmere Laz ratsry L., ang tne Yaszicnal Zurs=au ot 3tanczarzs (N3SY .
32 3nandars Refarence Cata 2t N33 ctcordinates and monltsrs data avaluacLons v
iacza 2waliazTidn I2ntarCs.
TLICTRIC 3ATTIRIZIS, EEAT 3TTRAGE)

le
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278 40012 E=SXOTIC ?QWER AND ENERGY STORAGE

SurZace, M.0., Power Iagng., 3arringTon, IL, V 31:36-44, N12, Dec. 1977, ID ano. EI730424759
Avail:Zngng. Index

Secause of Jrowing Zuel shortages and 2nvircamenzal regquirements, there i1s increasing
emphasis on Iinding alternatives to Isssil fuals Zor power generacion, and o improving
the load factor of the most efiicient basa load units, elther by controlling demand, or by
employing some tyze of 2nergy storage. Tachnically Zeasible near-carstorage systems
include c<onveantional and underground avdro-oumped storage, comprassed-air storage for
combusticn surbines, tlermal 2nergy storage in cenrtral power glants, and the lead-acid
battery. Possible .n'e rrediace-cerm (1985-2000) scorage systems ZSor utility use include
advanced ac:er*es, Zlywheels, and avércgen. One long-term storage system, which could
become competitive LS a concept of direct electrical szorage in 3uperconducting magnects.
Such a system would consist of a large magnet in a solenoidal or toroidal configuration,
which would be cooled to temperatures where tie surerconducting affaces would occur.
Power supplied to the eoil during chargiang would have to be converzad 2o direct curcent,
and power subplied by the storage system duriag peak leoad would require inversion to
alternating current. The losses of such a svscem would be those associated with the ;
cryogenic cooling and the iaverter-convertar system.

(ELECTRIC POWER GENERATION)

H78 40105 STUDY OF THE POTENTIAL TOR IMPROVING THE SCONOMICS OF HYDROGEN LIQUEFACTION
THROUGH THE USZ OF CINTRIFUGAL COMPRESSORS AND THE ADDITION OF A HEAVY WATER .
PLANT -.

N

Baker, C.R., (Unicm Carbide Corp., Tonawanda, VY, Liade Div.), NASA-CR-145282, 145 3.,
N78-15364 : -
Avail:NTI3

An approach t3 the liguefaction of hydrcgen was developed, which permiss the
application 9¢f standard centris Zugal compressors in place of reciprccatiag machines. A
second Zluid, such as propane, is added to the aydrogen prior =o compression o Zsrm a - i
mixture naving a molecular weight much greatar than zhat of ahydrogen alone, so that a - T -
standard centrifugal compressor can be used. After compression, tzhe mixture is cooled o
cryogenic temperature levels where the propane csndensas cut of the mixture and is
sepatated as a liguid. Since a small amount of deuterium is praduced duriag hydrogen
ligquefaction, the potential of recovering deuterium and selling it as a co-groducs was
investigated. Deuterium, in the form of heavy water, can be used in certain auclear
reactors as a neutron moderator to reduce the nautren velocity and enhance the probability
of neutron gollision with uranium auclei. ’

(JET ENGINE FUELS, LIQUID HYDROGEN)
- ' ’ :

478 40106 STUDIZS OF HYDROGEN LIQUEFIER IFFICIENCY AND THE RECOVERY OF THE LIQUEFACTION

ENERGY .
Voth, R.O., Parrish, W.R., (MBS, 3oulder, CO, Cryocenics Div.), 63 2., aug. 1977, GRAI7802,
Tept. no. NBSIR-77-362, project no. NBS-2750133
Avail:NTIS :

Licuid hvdrogen is a potential synthetic Iuel. It 1s nonfcssil, its zroducticn and

5
storage tachnolegy is well developed, and it is inherently nonpolluasing. However, th

economics of liguelfying nydrogen are costly both in the 2nergy raquired o produce the
liguid ané in <he capital c¢osts of the liguefier. These costs cculd e reduced by
increasing whe liguefier sfficiency and/or oy ra2qQevering a zorsion of zhe li_uerac,*,n
energy at the usa site. 7This pacer srovides the maxinum nyd~oceﬁ liguefier sfiiciency . - -
based cn tha 23ficisncy of available v,mpone 123 and the Iracticn of o--q-nal *'que'ac:;on -
energy zhat can be recoversad at “he use size. 3ince the inefiigcient comera2ssors and

2xpanders are cthe masor cause of liguefier inefficiency, no incresase in liguelier - -
2fZiciancy above e surrsnt 30-35 sercent is trchable wilthout i corrastonding iacrease ia -

SSmpressor and axcander =::;c;enc?, 2 difficuele task sinca2 zotn tne sZmprassers and -
expanders zave 2 lgong ané stabla 2istory of Zevelcopmen=. FHowever, I2ugnly sne-zaixnd zon |
cne-nall of gihe actual 2nergy ceguizad o Liguely avdrcgen can se racdvered at the use -
size and thig rezrasents 2 cost tradit for liguii avdrogen. - .
{CRYZGENICS, rwEL3, LIQUID HYDRCGEN) - -

- -

273 49291 THT 230LI IF TRAPPING ON HYDRCGEM TRANSPORT IND IMBRITTLIMENT. 2h.d. Thesi:

-

en Calv., Pisstsburca, 23), 232 2., NT3-13173
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Alloys of Fa~Ti in both =he sarburized and uncarbur::ed condition werae ¢
model material %o simulats intsrnal tracping of hydrogen. dicrostricture cha
revealad that all alloys ccnsistad of a farrize matrix, in which Sree susstic
titanium atoms and tizanium carbide sarz:icles were prasent. Tachnigues wers developed tc
distinguish between reversitla trass. A classification of the trass in szerms of ;h-angtz.
densz-v, ccgupancy, and reversible charactar was then obtaized. 32ased upon the resulzs ofFf
trap characzerization, nvd.ogeq ampristtlement of Fa2~Ti1i allovs was then examined. The
kinetics and axtent of static aydrogen embritslament was both theoretically modelled and
experimentallv ;nvestigated. The best allovs were those with a fine distribution of
irreversible TiC parzicles. A gualizative mcodel was droposed =0 explain the reasoms <or
this. Lastl~, set3 Qf c¢criceria wera procosed Sor the design of alloys that would resizs
both static and dynamic hydrogen empbritclement.

hesen as the
ractarizacion

(ALLOYS, MICROSTRUCTURE, TITANIUM CARBIDES)

H79 40302 THIY FILM ATOMIC ZYDROGEN DETICTORS

Gruber, C.L., (5. Dakota Scheol of Mines and Tech., Dept. of SZncng., Rapid City, SD), NASA-
CR=-132605, NASS-23470, 33 p., June 1377, STARL324
Avail :NTIS

Thin fila and bead thermistor atomic surface recombination hydrogen detsciors wers
investigated both axperimentally and theoretically. Devices wers constr uctﬂd on a thia
Mylar film substrate. Usiag suitable Wheatstcne bridge tschnigues, sensitivities of 30
av/2 x 1013 acoms/sec are at=ainable with response time constants on the order cf Zive
seconds.

(MEASURING INSTRUMENT, SENSITIVITY) --
¥¥3 40603 THE HYDROGEN PIPELINE NETWORK IN THE RHINE-RUHR AREA 3

Isting, C., (Chemische Werke Huls Ag, Marl, West Garmany), Iat. Workshop on Hydrogen and
its Perspectives ?roc., Liage, Belgium, (A78-18825 06-44), V 1:22, Yov. l5-18, 1974,
Asscc. des Ingenieurs Electricians Sortis de L'Insticut Electrotechnigue Montefiore, 1977,
A78- 18837

nyd*cgen distzibution system, which includes 3875 xm of pipeline between 25 chemical
and setrochemical plants in the Rhine-Ruhr area, i3 described. The hydrogen is produced
by gar<ial oxication, alectrolysis of water, catal':ic cracking of nmethane, or coal
gasification. It is used %o manufacture such croducss as ammonia, Iuel gas, and methanol.
Venting technigues to pravent exclosions, leakage testing, insulacion Zor tﬁe Sipelines,
the automatic line rupture shutofZ valves, hydrcgen diffusion ianto the grain boundaries
of the pire mata:iala, government regulation of the distribution network, and the cencral
control facili:zy of the pipeline network are considered. :

(ENERGY TECHNOLCGY, SAFITY FACTORS) -

573 43005 METAL HYDRIDE STORAGE FOR HYDROGEN-FUELED GROUND VEIICLES
Srocman, Z.4., Ailan, C.M., (Battalle Columbus Lab., Columbus, CH), vetall. Mater. Tech.,
v 9:263-253, N5, May 1377 i

Yo abstract available -

3USES, CRAYCGENICS, FLUIDIIED 3ED)

273 43308 EYTROGEN-IN-METALS IONFERENCE - s
catiey, W.N., ‘C3Zice of Maval 2es., London, Sngland), Conf. aeld at ?aris, Sune 1377, -

12 2., AD-2046013 ONPL-C-7-77, N73-14147 v
Avall:NTIs -
This rfegor= oresents a raview of a2 faw imporzTant zazers. i¢st 29I the :zare E a”

re2lated D appliad zsrodlams. Ia sar=icular, 3rsblams i H-ralaced Zamace o 2n pibete-1
a1loys were z-eazad axsansivalyv.  Ia addéition 13 wezx sn # in sur2 Tewals, 3uzh , 3,
and oster tr-angiwion metils, ome werx ~aS 1136 cagorzad on ¥ oL :llsys susnh i3 , -
Pd=-3g, and aricus st2els. 3tsrace of i 1A iat2rmecsallis Iompounds, 3uch as Tef r
~aNisZx was =7 zreat .ntaresc secause 3¢ their .mpor=ance 1S 2nergy Isavertars.

"HYZRCGIN ITMBRITTLIMENT, INTIAMETALLICS)
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373 430C7 THES STORAGE QF HYDROGEM IV THEZ TORM OF METAL HYDRIDES: AN APPLICATION T9
TEERMAL ZNGINES

Gales, C., Perroud, ?., (Cormissariat a L'Snergis Atomigque, Cantre D'Etudes Nucleairas de
Srencble, Grencble, France), Iat. Workshop on Zydrogen and its Perspecsives Proc., Liege,
Belgium, (A78-13325 J6~44), ¥V 1:34, Nov. 13-13, 1976, Assocc. Zes Ingeniaurs zlactriciens
Sortis de L'Instituc zlec:::tnchnique Montweficre, 1377, In Trench, A73-13845

The possipilicy of using LaNigdHs, TeT , or MgHs as petal hydride storage systems
Zor hydrsgen-fueled aucomoox a enq'nes is cussed. A study of magnesium-~cspper and
dagnesium~nickel hydrides indicatas chat thev crovide nore stable storage systams chan
Pure magnesium Lvd.’des. Several test engines emploving aydrogen Iuel have been developed
2 single-cylinder motor, originally designed for use with air-gasoline mixtures; a four-
cylinder engxne, modified %o run on an ajir-aydérogen mixture; and a gas turbine.

i35
éis

(AUTOMOBILZ FUELS, HYDROGEN ENGINES)

H78 43003 2PREPARATION, CHARACTERIZATION, AND USE OF METAL FYDRIDES FOR FUEL SYSTE)
rogress Report, Sept. 1, 1976-may 31, 1977

derley, ?.J., (State Univ. of NY at Stony 3rock, Dept. of Matarials, Stony 3rook, YY),
80 p., May 1977, centract no. EZY-78-5-92-2713
Avail:NTIS
The ’sotuermal decomposition kinetics of unirradiated andirradiated sowdered lishium
aluminum hydricde have seen determined in the ssmparature :anqe 125-135 C. The resulting

activation 2nergies f£or unirradiated material fcr the induction, acceleratery, decay, and -
slow final rate were, rescvectively, 116.3, 3%4.3, 87.1, and --.9 : 4.8 xi/mole. Ffor -.

preirradiated powders (1.25 x 107 rad), activation snergies Zor the same periads were
113.0, 99.5, 30.3, and 10.0 T 4.5 kj/mole, respectively. Admixture with sowdered aluminum,
nickel, and final reaction product did not affsct the subsequent thermal decomposision. -
Zxposure to dry air and carbon dioxide 20 not afizct 4he decomposition, but <“wo-minute

sxposure =2 saturasad wacer vaco: 'eauces the sercencage Jecomposition vy almost 59
percent. b

(HYﬁROGEN STORAGS, PYROLYSIS, RADIATION ZFFT=ECTS) ' -
H78 43009 APPLICATICNS OF METAL HYDRIDES )
Reiily, J.J., (Srockhaven ¥Yat'l Lab., Ugton, NY), rept. nc. CONF~776823-2, ceontract no.
2¥-76~C-02~9016, 38 ., Aug. 1977, Iat. Symp. on Hydrides Zor Energy Storage, Geilo,
Norway, aug. 14, 1977, GRAIT807 :
Avail:NTI3

The practical agplication of metal hydrides is discussed with primarv emphasis on
theis use as ener storage media. Specilic asplications include automotive, utilicy lgad
leveling, ther Na‘ sterage, and aydride compressors.
(COMPRESSORS, HYDROGEN STORAGE, PUBLIC CUTILITIZS) .

279 43010 A NEW FAMILY OF HYDROGEN STORAGE ALLOYS 3ASED ON THE SYSTEM NICXEL-MISCHMETA
CALCIUM :

' Zandrock, G.D., (Paul D. Merica Res. Lab., Iat. Nickel Co., Inc., Sterling Torest, Suffern,
.

NY), Proc. of 4<he l2%h Intsrscc. Znergy Conversion Ingng. S2nf., V 1:951-958, 19 refs,
Aug. 28-3ept. 2, 1377, am. Nuclear 3Soc., La Grange Park, IL, IZEE, et al., wWashington, 2.C.

ivail:IZEE : o -
A new Zamily of low-cost Absi storage compounds -ased c¢n :he Zormula CaeMi.yNis has -

been developed. M is the standazd rare earsh allcoy miscameral and x can se variad Izem

9 20 L. The basic propertiss are presented as a funczion of x, zncluding cressure=-

Semperature-composition ralaticns, 2ase of activation, heats of s=action, ra2lacive - ..

materials cost, melsiag, and ovher metallurgical considerations, and crystal structure
sorrelations.

(CALTITM CMPOUNDS, RARE ZARTH)

473 42011 SCME 2ATT AND MODELING STUDIZS ON THI USE OF IRON-TITANIUM ZYDRIDE AS AN ZINERGY -

TORAGZ MEDIUM FOR ZLECTRIC UTILITY CCMPANIES .
° -

Stricskland, 3., Zu, W.3., ‘Srcokhaven Yac'l Las., Zpteon, NY), contract no. I¥-T5-2-92-2026.
52 3., Aprzl 26, 1377, 3RAIT307 .
AVall:NTI

Jynamiz =est3 and ncdel:ing studiss were nacde <n tRhe fhemical-enersy-stlracd scriisn .
3% an aiage=rigal snergy scaversian and sTorage 3vstam zroposed Ir lavel.ns the Lzagé 28 -
2n elsecsric s=ilisy sdmganv.  The Ssncept itilizas sff-seak tower o Zroduce avdrcgen v
2lac=rolyzing wasar, s:é:;iq ne hyi::;én as iron=-%izanium avirsde, Talii,, and
s3uSsaguanzly, relsasing a2 ay<rogen 1o 1 Susl tell, wpere tae reaciisn wizh alr zénericas
2.a3cTrical r. The hydrzgen 3Torage sor=isn s the 3syscam was t2st2d cn a2 small scala,

=
{e]




using a six-inch-diamecer by 3I0-inch-long -est ted, containing 84 1b of FeTi alloy.
Yydrogen reacts witih this alloy at cordinary zemperacures, with the release of heat,
producing zie aydride TeTiZ,, and hvdrogen is raleased by heating tie 1ydride to <econrose
it. Ia the six hydriding-<ehydriding syclas thac were studied, the times that avdrogen
flow rates of 40 to 10 standaxd litsrs per minyee (SLPM) ccoculd be sustained were
determined.
BYCROGEN 2RCDUCTION, CFE-PEAK INIRGY)

a—-'; !
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57069 V.  SAFETY

378 50003 SAFETY ?ROBLEMS IN THE USE OF LIQUID HYDROGZN

Faure, a., (L'Aiz Liguide, Paris, France), Int. Workshcp on dydrogen and its Parspectives
Proc., Liege, 3 elgiunm, (A78-18826 06-44), Vv 2:24, Mov. 15-18, 197s, lssoc. des Ingenieurs
Electriciens Sortis de L'Iastituc Zlectrotechnigue Monterfiore, 1977, In French, A78-18853
Cryogenic and combustion hazards associaced with the use of liguid hydrogen are

examined. ryogenic hazards include contaminazion by condensed air, excessive oressures,
damage to exposed matsrials, and human tissue destruction. Procedures are considered for
avoiding the Zormation of Ilammable mixtures in liquid hydrogen containers, sr in the
atmosphere, and Ior aveiding ignition sources. Safsty Zsaturas for storage site2s and
methcds of fighting avdrogen Zires are discussed.

(BIOLOGICAL Z=FTECTS, HAZARDS, LEAKAGE)

H78 50004 POLLUTION CONTRCL IN GEOTHERMAL EINERGY

Har<ley, R.P., (Industrial Envizonmental Res. Lab., JS Environmental Protection Agency,
Cincinnatti, QH), Proc. of the l2th Intersoc. Zner Conversion Zngng. Cenf., ¥V 1:607-613,
1l refs, Aug. 28-Sept. 2, 1977, Am. Nuclear 3cec., ,a Grange Park, IL, IZEZ, et al.,
Washington, 5.C.
Avail:IZEE

Pollution problems occur in geothermal energy develooment secause large volumes of
spent jeothermal ZIluid being released, gotentially contaminate %he air, surface waters,
and ground wac2rs. Watars may ze highly saline and contain metals in hazarsous
concenctrations. MNoncondensible gases ara of gr2atest concern in air discharzes. The
principal anticipated liguid disposal metiod is reinjection to the producing reservoir,
Jor whish reliable zechnologies must te develoved. Water treatment Zor surZace discharge
could e possible, 3ut costly, al.ncugn ninerals recovery might ce offsetziag in some
cases. The principal air pollutanc of ccncarn is aydrogen suliide, al=hcugh such
constituents as ammonia, radon, andé mercu:y may 2l1s0 be significant. Considerable
develocment and demonstration is under way for hydrogen sulfide remcval, rescurce

- characterizacion datca are not vet sufiicient o predict the full range of porential

pollution problems, sarticularly fZor the widespread and variable liquid-dominated resourc

(DETECTION AND CONTROL, SURFACE WATERS)

H78 50005 SAFETY TECHNIQUE ASPECTS OF HYDROGEN TECHENOLOGY

Pennings, ?., (Tuv Rheinland, Xoeln, Germany), Gas Wasserfach, Gas-Zrdgas, V 113:230-235,

N6, June 1977, In German
No apstract available

-

(INDUSTRIAL 2LANTS, 2PRODUCTION, STORAGE)

{78 50006 DEVESLOPMENT STATUS AND ZINVIRONMENTAL HAZARDS OF SEVERAL CANDIDATE ADVANCED

ZNERGY SYSTEMS

Penny, M.M., 3ourgeocis, S$.V., Cain, W.C., (Lockheed-duntsville Res. and Zngn c
duntsville, ALj, ?:oc. of the l2th Intersoc. Inergy Conversion Eagng. Conf., V 1
25 refs, Aug. 23-3ept. 2, 1977, Am. Nuclear 35cc., La Grange 2Park, IL, IZZE, 2t a
Washiagton, =.2.

This paper reviews the development stacus and ant-czoatad grimary envz:onmental i
hazards of the followiag advanced 2nergy svstems ocean thermal energy ccnversion TEC) ,
wind power, magnertcnydrsdynamics (MHD) , aydrogen Iuel cells, sotassium SOpPPinRg :ycles,
ligh-cemgeracure zurbines, tiermionic, thermoelactric, ind slactrogasdynamis systems. .

‘Q

HZDRCGEN FUZIL CILL3, WIND PCWER) )
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478 52005 MATESRIALS PROBLEIMS IN HYDROGEN INERGY SYSTENS

Syrett, B.C., Jones, R.L., Daniels, N.¥.G., {3tanford Res. Iast., Menlo Park, Ca), Int.
Workshoo on Hydrogen and its Perspectivas Proc., Liage, 3elgium, (A78-13826 16-44), v 1:12,
Yov. 15-18, 1976, Assoc. des Iagenisurs Electriciasns 3ortis de L'Insz*t"t Electrotecanigue
Montefiore, 1977, A78-1383%

Research in support of a larze-scale hyd:oqen fuel producticn system projacted for
implementation in the US by 2020 is described. 2provements in sorsosicn-resiszant
materials Zor anodes, the develcpment of segarator materials with high conductivity and
good performance to about 200 C, and the development of inexzensive solymers Zor cell
frames are discussed. In additicn, the need or gas ciffusion alectrode struczures with
high-efiective slectroce areas, as well as active nonncitle elect=rocatalysts for soch the
anode .and cathode, is mentioned. For solid zolymer electr-alyzers, inexsensive ion-
conducting xmembranes with high ionic conductivity and te2mperature rasistance are reguired.

.

(ELECTROCATALYSTS, SLECTRCDES, PRODUCTICN)

78 52006 SCIINCE MATERIALS TOR THE DEVELOBMENT OF ENZRGY CONVERSION AND 5TORAGE DEVICZS,
Prograss Repore, July 1, 1376-June 30, 1377 :

(Illinois Univ., Urbana-Champaign, IL, Materials Res. lab.), 150 p., COO-1198-1181%,
N78-15176
Avail:NTIS

The nechanical prorerties of metals and alloys, S-acture, corzosion of metals, the
defect and catalytic proper=ies of oxides, and the structurs of polymers and liguids wers
investigated. =Zmphasis was placed on the zole of light interstitial alloving acgents in
affacting mechanical :roner:;es of metals wish particular atsention 20 hydrogen as an "
embrittlement agenc. lectronic preperties of phosphors, semiconductors, dichalecgenide - -
layer compounds, hydrocarbon catalysts, and magnetic impuritiass were examined. :
Crystalline defects were studied in devail. Dislocation mecianisms of plastic flow werse
investigated and soint dafact studias included idfiusion in refractory mecals and guantum
effects on vacancy aigration ia helium srystals., OF special rest were zhe defact
structuras conductive o0 fasr ion motion in surne Z

ﬂl

-~ - ol Tam ad wave=m

; A rs S ae clas 3£ zovalsanc
bYinding and defscts in de:-:m;ning the hardness of ion metal carbide ccmpounds.

o)

(ALLCYS, CORROSION PREVENTION, HYDROGEN ZMBRITTLIMENT)
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FUTUREs AVIATICN, CHEMICAL-PRO
FUTURE, STATUS, ODECOMPOSITION,
GAS-CO0OLEDs HYDROCARBONSs PROC
GAS-GENERATORSy SPACECRAFT-PRO
GAS-TRANSPORT# /ISTRIBUTION, C
GAS-TURBINES,» ELECTROLYSIS# /R
GASIFICATION, WASTE-UTI LIZATIO
GASIFICATION# CONVERSIO
GENERAL REVIEW, HYOROGEN, PROD
GENERATION, PROCESSs THERMOCHE
GENERATION# /4 GECTHERMAL, HYD
GENERATORy ENERGY-CCNVERSIGN,

GENERATORs TURBINEs CATALYSIS,
SEOTHERMAL ENERGY, ROCK-FLUID-
GEOTHERMAL, DETECTION-AND-CONT
GEOTHERMAL, HYDROELECTRIC, ENE
HALIDES, IRON-CHLORIDESs TRANS
4AZARDS, HYDROGEN FUEL-CELLS,

4AZARDS, LEAKAGE# /7Y, LIQUID-
HEAT-MEASUREMENT» HYDROCARBON-
HEAT-STORAGE# /SES, STORAGE, C
HEAT-TRANSFER,y PNEUMATIC-TRANS
HOUSEHGOLD, DISTRIBUTION, FUEL.
HYBRID-REACTORS# /EDsy STORAGE,
HYDRIDE, STORAGE,
HYDRIDE, STURAGEs VE4ICLES. 8U
HYDROCARBON-FUELS# /T, CRYOGEN
HYDROCARBONS »
HYDROCHLGRIC ACID,
HYDROCRACKINGH#
HYDROELECTRIC,
HYDROGEN
HYDROGEN
HYDROGEN
H4YDROGEN
“YDROGEN
4YDROGEN
HY DROGEN
HYDROGEN

LEAD-CHLORI
DESIGN, CON
ENERGY-R ESOURCE
EMBRITTLEMENT, INTERM
EMBRITTLEMENT# /ASE,

ENGINES# /TAL-HYDRIDE
FUEL-CELLS, WIND-POWE
FUELS, PHOTOSYNTHESIS
FUELS# / COMBUSTIGON,

PRODUCTICN, OFF-PEAK -
PRCOUCTICN,y THERMODYN
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010034
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010035
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023004
050004
010025
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050006
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010036
010026
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043005
G30009
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021013
010031
010025

. 043006

052006
C43007
050006
010018
033013
043011
023606




METAL-4YDRIDES, COMPRESSORS,
ACTERIZATION, METAL-HYDRIDES,
SY-RESOURCESy GENERAL REVIEA,

CHEMICAL-ANALYS/ ASSESSMENT,
-MODELS, PROPU/ AEROCDYNAMICS,

STORAGE# SAFETY,
-CHLORIDES, PYROLYSIS, THERM/
PELLANT, COMBUSTION CHAMBERS,
INALS, ECONOMICAL PRIDUCT ION,
VIEW, HYDROGEN EMBRITTLEMENT,
ONSERVATION, R/ BIBLIOGRAPHY,
sS4 CATALYTIC-EFFECTS,
ION, THERMGCHEMICAL» HALIDES,
RODUCTION . BROMINE-COMPOUNDS,
HERMOCHEMICAL,» DECOMPOSITION,
TEAM-IRONs PRODUCTIGNs CHARS,
STy, COAL-GASIFICATION PLANTS,
CAL, PRODUCTION, CONDENSABLE/
RIC-ACID, COST-EFFECTIVENESS,
GEN# ECONOMICS, COMPRESSORS,
CES, S/ CARRIER, ALTERNATIVE,
JCHEMICAL, HYDROCHLORIC ACID,
CHLORIC ACIDs LEAD-CHLORIDES,

BIDLOSICAL~-EFFECTS, HAZARDS,
TURBINE, CATALYSIS, TURBOJET,
RIALS-TESTING# COAL,
Ss LIQUID-HYDROG/ EFFICIENCY,
FECTSs HAZARDS, LEAK/ SAFETY,
OST-ANALYSISy ECONOMIC-FACTO/
OMPRESSORS, JET-ENGINE-FUELS,
UEFACTION, CRYOGENICS, FUELS,
SORPTICN, AUTOMOBILE-ENGINES,
ENT, AUTOMOBILES, AUTOMOTIVE,
Sy ECONOMICAL PRODUCTION, IN/
~FLUID-INTERACTI/ PRODUCT ICN,
COMPOSITION, IRON-HYDROXIDES,
LOGICAL, SOLAR, BIOSYNTHESIS,
AL, LIQUEFACTION, COAL-FINES,
LECTRCDES, PRODUCT ION#
RRCSION-PREVENTION,s HYDROGEN/
ITY# THIN-FILM, DETECTORS,
TORAGE,y ALLOY~BONDING-THEORY,
YDROGEN STORAG/ APPLICATIONS,
GEs PYROLY/ CHARACTERIZATION,
CBILE~FUELS, HYDROGEN ENGINE/
NTHETIC, ALGAE, FERMENTATION,
PPINGy EMBRITTLEMENT, ALLOYS,
IAL-INCENTIVES, / EVALUATION,
DISTRIBUTIONy ELECTROLYSIS#/

ELECTROCHEMICAL, UTILITIES,
UTUREs STATUS, DECOMPOSITION,
ICATION PLANTS, IRO/ AMMONIA,

THREE=-STEP#

HYDROGEN STORAGE, PUBLIC JTILI
AYDRCGEN STORAGEs PYROLYSIS, R
HYDROGEN, PRODUCT ION, THERMOCH
HYGAS, PHENOLS, AGGLOMERATION,
HYPERSONICs AIRCRAFT, AIRCRAFT
INDUSTRIAL=PLANTS, PRODUCT ION.
INDUSTRIAL, PRGDUCTION, COPPER
INJECTORSs TRANSDUCERS# /,» PRO
INSULATIJON-MATERIALS# /IR-TERM
INTERMETALLICS# /ONFERENCE, RE
INTERNATIONAL, DISTRIBUTIDHN, C
IRON-ADDITIONS, TITANIJM-OXIDE
IRON-CHLORIDES, TRANSITION ELE
IRON-CIMPOUNDS, ZINC-COIMPQUNDS
IRON-HYDROXIDES, MAGNES IUM-0OXI
[RON-OXIDESy RESEARCH-PROGRAMS
IRON-SULFIDES# /TROGENs CATALY
IRREVERSIBILITIESy THERMOCHEMI
IRREVERSIBLE PROCESSES# /SULFUY
JET-ENGINE-FUELS, LIQUID-HYDRO
LARGE-SCALE, ECONOMICS, RESCUR
LEAD-CHLORIDES, LEAD-OXIDES# /

LEAD-3XIDES# /OCHEMICAL,+ 4YDRO

LEAKAGE# /TY, LIQUID-HYDROGEN,
LIFE-CYCLE-COSTS# /GENERATCOR,

LIQUEFACTION, COAL-FINES, MATE
LIQUEFACTION, CRYOGENICS, FUEL
LIJQUID-HYDROGENs, BIOLOGICAL-EF
LIQUID~HYDROGEN, COMPARISON, C
LIQUID-HYDRGGEN# ECONOMICS, C
LIQUID~-HY DROGEN# /ICIENCY, LIQ
LIQUID-HYDROGEN# /TOMOTIVEs AD
LIQUID, EFFICIENCY, COAL-LIQUE
LIQUID, SUBSONIC, AIR-TERMINAL
MAGMA, GEOTHERMAL ENERGY, R0CK
MAGNES IUM—-OXIDESy THERMOCHEMIC
MATERIALS-TESTING,y P4CTOSYNTHE

MATERIALS-TEST ING# €O :

MATERIALS, ELECTRCCATALYSTS, £
MATERI ALSs STORAGEs ALLOYS, CO
MEASURING-INSTRUMENT, SENSITIV
METAL-HYDRIDE#
METAL-MYDRIDES, CCMPRESSORS, H
METAL-HYDRIDES, HYDROGEN STORA
METAL-HYDRIDES, STORAGEs AUTOM
MICROALGAE# /ODUCTION, PHOTOSY

MICROSTRUCTURE, TITANIJM-CARBI:
FINANC.

NATURAL-GAS, ECONCMICS,
NETHERLANDS, FQOSSILs SCENARIO,
NICKEL-CADMIUM BATTERIES, SPAC
NICKEL-HYDRIDES,
NI TROGENy CATALYST, COAL-GASIF
NONFOSSIL, THERMAL EFFICIENCY,
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THRUST, EROSIIN,
HESTS-GAS, CHEMICAL-REACTORS.,
» FORECASTING, PLANNING REVI/
STCRAGE, HYDROGEN PRODUCTION,
ESSION TESTS, FUEL-AIR RATIO,
SIS# COMMERCIAL, PRODUCTION,
s CHEMICAL-REACTORS, NOZZLES,
NES, ELECTROLY/ POWER-PLANTS,
ASIFICATIONes TUXICOLGGY, AIR/
. AL-ANALYS/ ASSESSMENT, HYGAS,
SYNTHESIS# SOLAR,
JELECTROCHEMICAL, EFFICIENCY,
CYy, PHOTOCHEMIST/ PRJIDUCT ION,
PHOTOOXIDATION#
PHOTOLYSISy AATER,
ERGY-CPTIONS,

CATALYSIS,
HY DROGEN FJELS,
ONVERSION# PHOTOSYNTHETIC,
LAR, PHOTOCHEMICAL, BACTERIA,
SYNTHESIS, MATERIALS-TESTING,
ATION, MICROALGA/ PRODUCT ION,
+ SOLAR-ENERGY~-CONVERSION#
ECHNOLOGY, SAFETY-FACTORS#
RIBUTION, COST-EFFECTIVENESS,
Sy ELECTROLYSIS, FORECASTING,
» CATALYST, COAL-GASIFICATION
CAL-REACTIONS, HEAT-TRANSFER,
ON~-AND-CONTROLs SURFACE-WATE/
VIATION,y CHEMICAL-PROPERTIES,
ERSy GAS-TURBINES, ELECTROLY/
VAPORATIUNy SOLAR-ENERGY#
CHEMICAL-REACTIONS, PRBCESS,
E-SOLUTIONS, CURRENT-DENSITY,
CHEMIC/ TECHANIQUE, ECONOMIC,
ONs GAS~-COCLED, HYDROCARBONS,
THERMOC/ CHEMICAL-REACTIONS,
MICS, ELECTRCOLYS/ GENERATION,
T-EFFECTIVENESS, IRREVERSIBLE
~AE, BACTERIA, CATALYSISH#
IRON-COMPQU/ THERMOCHEMICAL,
+ R/ DEVELOPMENT, STEAM-1RON,
ERSIBILITIES, THERMOCHEMICAL,
PYROLYSIS, THERM/ INDUSTRIAL,
PROD/ DESIGN, THERMOCHEMICAL,
IC-ACIDy COS/ THERMOCHEMICAL,
ICy AIR-TERMINALS, ECONCMICAL
ENERGYs ROCK-FLUID-INTERACTI/
HYORIDEs, STORAGE, HYDROGEN
ELECTROLYSIS# COMMERCIAL,
AL, EFFICIENCY, PHOTOCHEMIST/
GAE, FERMENTATION, MICROALGA/
SAFETYsy INDUSTRIAL-PLANTS,
ATER, EQUILIBRIUM-COMPONENTS,
ESs GENERAL REVIEWe HYDRIGEN,

Sy

NOZZLE-WALLS, THRUST-CH AMBERS#
NJZZILESe OXIDATION-PROCESSH /T
NUCLEAR-REACTORSy ELECTROLYSIS
OFF-PEAK ENERGY# HYDRIDEe

OPTIMIZATION# /MBUSTICON, COMPR
JVERVI EW, ECONCMICS, ELECTROLY
OX IDAT ION—-PROCESS# /THESIS-GAS
PEAK-LOADS, BOILERSy GAS~TURBI
PERSPECTIVESy CRACKING, CDAL-G
PHENGOLS » AGGLOMERATION, CHEMIC
PHOTOCHEMICAL, BACTER 1A, PHOTO
PHOTOCHEMISTRY s TITANIUM-OXIDE
PHOTOELECTROCHEMICAL, EFFICIEN
PHOTOLYSISsy WATER, CATALYSIS,

PHOTOOXIDATI ON#
PHOITOSYNTHES IS,
PHOTOSYNTHESIS,
PHOTOSYNTHESIS#
PHOTOSYNTHESIS# /L,
PHOTOSYNTHETIC,
PHOTOSYNTHET IC,
PIPELINE, RHINE-RWHR, ENERGY-T
P IPELINESy GAS~TRANSPORT# /IST
PLANNING REVIEW# /LEAR-REACTOR
PLANTS, IRON-SULFIDES# /TRUGEN
PNEUMATIC-TRANSPORT# /N, CHEMI
POLLUTIONe GEOTHERMAL, DETECTI
POWER-EFFICIENCY, SYNTHETIC# /
POWER~-PLANTS, PEAK-LOADS, BOIL
POWER-SYSTEMS, ELECTROLYSISs E
PREPARATION, CADMIUM, THERMOCH
PRESSURE-EFFECTS, TEMPERATURE=-
PROBLEMS, APPLIANCES, ECONGMY,
PROCESS-HEAT-REACTORS, STEAM#

PROCESS, PREPARATION, CADMIUM,
PROCESS, THERMOUCHEMICAL, ECONO
PROCESSES# /SULFURIC-ACID,
PRODUCTION, BICPHOTOLYSIS, ALG
PRODUCT IONs BROMINE-~COMPOUNDS,
PRODUCTIONs CHARS, IRON-OXIDES
PRODUCTIIN,
PRODUCT 10N,
PRODUCTION,
PRODUCT ION,
PRODUCTION,
PRIDUCT ION
PRODUCTION,
PRODUCTION,
PRCODUCT ION »
PRODUC TION,
PRODUCT 10N,
PRODUCTION
PRODUCT IONy

REVIEWS # /4 EN
SCLAR-ENERGY-C

SO
SCLAR, BIO
ALGAE s FERMENT
PHOTOSYNTHESIS

COPPER-CHLORIDES,
COST, EFFICIENCY,
EFFICIENCY, SULFUR
INSULATION-MATERI A
MAGMA,
OF F—-PEAK ENERGY #
OVERVIEMW,
PHOTCGELECTRCCHEMIC
PHOTCSYNTHETIC,
STCRAGE #
THECORETICAL # W
THERMCCHEMICAL# /C
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010039
023607
020006
020006
023609
023609
010018
023205
023607
023202
023206
023205
040603
040009
020504

-, 021015

022018
050004
030007
010034
010032
010021
020009
010024
020503
010021
010028
021009
023203
021016
021020
021006
“021014
021012
021009
-030008
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020006
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LIDES, IRJN-CHLORIDES,
DRCCZHLORIC ACID,
COMPGSITION,

TRANS/
LEAD-CHLOKI/
IRON-HYDROX IDES/
OLAR, DECOMPDSITICN, HYDROGEN
OJLED, HYDROZARBONS, PRQOCESS/
GENERATOR,y ENERGY-CONVERS ION,
ELECTRICATALYSTSy ELECTRODES,
NOMICS, FINANCIAL-INCENTIVES,
PRODUCTION, COST, EFFICIENCY,
Sy INJECTORSy TRANSC/ FLAMES,
AUTCMOTIVE-FUELS, COMBUSTICN
Cy AIRCRAFTy AIRCRAFT~-MODELS,
OMPRESSORS, HYDROGEN STORAGE,
L-HYDRIDES, HYDROGEN STORAGE,
PRODUCT IONs COPPER-CHLORIDES,
HYDROGEN STORAGE, PYROLYSIS,
Es ALLOYS, CALCIUM-=-CIOMPQOUNDS,
¢« COMPRESSION TESTS, FUEL-AIR
JDUCTION, CHARS, IRON-OXIDES,
CAL, ECONOMICS, ELECTROLYSIS,
TIVE, LARGE-SCALE, ECONCMICS,
s DISTRIBUTION, CONSERVATICN,
USTION PROPERT/ ALTERNATIVES,
Ny FUEL, STORAGE# CARRIER,
¢+ INTERMETALLICS/ CONFERENCE,
ERy ENERGY-RESOURCES, GENERAL
ALTERNATIVES, SURVEY,
OLYSIS, FORECASTING, PLANNING
DROGEN FUELSs PHOTOSYNTHESIS,
SAFETY-FACTORS# PIPELINE,
ONy MAGMA, GEOUOTHERMAL ENERGY,
HINE-RUAR, ENERGY-TECHNOLOGY,
DUCT IGN, STORAGE#
GICAL-EFFECTS, HAZARDS,
OLYSIS,/ NETHERLANDS, FOSSIL,
UEL-CELLS, ANODIC-PROPERTIES,
ANIDIC-PRJIPERTIESy SEAWATER,
ECTORS,y MEASURING-INSTRUMENT,
ITICN, COAL~-PREPARATION, FLOW
LECTROLYTE, ELECTROCATALYSTS,
OTOSYNTHETIC, PHOTOSYNTHESIS
Se ELECTROLYSISs EVAPORATION,
-SCALE, ECONOMICS, RESOURCES,
-TESTI/ SUNLIGHT, BIQLOGICAL,
PRODUCT IONy THERMODYNAMIC-E/
N FUELSy PHOTOSYNTHESIS, REV/
ICy, ENERGY-RESOURCES, GENERA/

LEAK/

+ PAOTOSYNTHESIS#
UCTION, CONDENSABLE-PRODUCTS,
ESs NICKEL-CADMIUM BATTERIES,

KEy VEHICLES,
URIC-ACID#
HYDRIDES »

GAS-GENERATORS,
THERMOCHEMICAL »
STIRAGE# FUTURE »

PRODUCTIJN,
PRODUCTION
PRODUCTION,
PRODUCT ION,
PRODUCTION
PRODUCT IONH#
PRODUCT ION#
PRIDUCTIONG#
PRODUCT ION#

THERMOCHEMICAL, +A
THER MCCHEMICAL» HY
THERMCCHE MI CAL, DE
THERMODYNAM IC-EFF I
UTILIZATION, GAS-C

MATERIALS,
/ NATWRAL-GAS, ECO
/ THERMOCHEMICAL,
PROPELLANT, COMBUSTION CHAMBER
PROPERTIES# /RNATIVES, REVIEW,
PROPULSION SYSTEM, WIND-TUNNEL
PUBLIC UTILITIES# /HYDRIDESs C
PYROLYSIS, RADIATION EFFECTSH#
PYROLYSIS, THERMOCHEMICAL-PFGC
RADIATION EFFECTS# /-HYDRIDES,
RARE EARTH# STORAG
RATIO, OPTIMIZATION# /MBUSTION
RESEARCH-PROGRAMS# /M-I RON,y PR
RESEARCH-PROGRAMS ¥ /4 ERMOCHEMI
RESOURCES, SUOLAR-POWER# /TERNA
RESOURCESy STORAGE# /RNATIONAL
REVIEW, AUTOMOTIVE-FUELS, COMB
REVIEWs HAQOUSEHOLD, DISTRIBUTIO
REVIEWs HYDROGEN EMBRIT TLEMENT
REVIEWy HYDROGEN, PRODUCTIGN,
REVIEW#
REVIEW# /LEAR-REACTCRS,
REVIEWS# /o, ENERGY-OPTIONS, HY
RHINE-RUHRys ENERGY-TECHNCLOGY.,
ROCK-FLUID-INTERACTIONS# /UCTI
SAFETY-FACTORS # PIPELINE, R
SAFETY, INDUSTRIAL-PLANTS, PRO
SAFETY, LIQUID-HYCROGEN, BIOLO
SCENARIO, DISTRIBLTICN, ELECTR
SEAWATER, SELF ACTIVATING-PRCP
SELF ACTIVAT ING-PROPERT IES# /,
SENSITIVITY# THIN=FI LM,
SHEETS# /COAL, CHEMICAL-COMPOS
SILICON CARBIDES# /SULFCONIC, E

ELECTR

SOLAR-ENERGY-CCNVERSION # PH.

SOLAR-ENERGY# POWER-SYSTEM
SOLAR-PCOWER# /TERNATIVE, LARGE
SOLARy BIGSYNTHESIS, MATERIALS
SOLAR, DECOMPOSITION, HYDROGEN
SOLARy EMERGY-CPTIONS, HYDROGE
SCLAR, GEOTHERMAL, HYDRQELECTR
SOLAR, PHOTOCHEMICAL, BACTERIA
SOLUTION CHEMISTRY, WATER-DECO
SPACE-VEHICLES,y SULFUR-TRIDJXID
SPACECRAFT~-PROPULSION# /ERQSPE
STATUSs BISMUTH-SWFATES, SULF
STATUS, DECOMPCSITIONs NICKEL-
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I RON~-OXIDES,

R30NS,

R/ DEVELOPMENT,

PROCESS-HEAT-REACTORS,

METAL-HYDRIDE# ALLOY,
UNDS, RARE EARTH#
VENT ION, HYDROGEN/ MATERIALS,

ROGEN ENGINE/ METAL-HYDRIDES,

Z/ EVALUATIONS,

ATTERI

FECTIVENESS,

TION,

FUTURE»

ESy

ENVIRONMENTAL#

OFF-PEAC ENERGY#

DRIDES,

10N,

10N,
MICAL

UM BATTERIES,

ICAL,

OCHEMICAL

AL+ ST

I3SYNTHESIS,

ERMAL .

RSs NO

CONS ERVATION,

COMPRESSORS

METAL-HYDRIDES,
GENICS,
NOUSTRIAL-PLANTS,
OUSEHOLD,
COMPOSITION,

FLUIDIZED-B/

PRODUCTION,
PRODUCT ION

ATUS

FUSION~BASED,
HEAT-S/ DATA-BASES,
PIPELINES,

GAS-/

AIRCRAFT, IZRYOGENIC

HYDR IDE,
HYDROGEN
HYDROGEN
HYDRIDE,

PRCDUCTION,
DISTRIBUT IDN.

FUEL,

NICKEL~-HYDRIDES,
RESOURCES,
IN/ LIQUID,
SPACE-VEHICLES,
EFFICIENCY,
ENERGY-TECHNOLOGY,
BISMUTH-SULFATES,
MATERIALS-TESTI/
DETECT IGN=-AND-

CONTROL

ALTERNATIVES,

ZZL ES,

OXIDATION-PROCE/

PROPERTIES, POWER-EFFICIENCY,

+ AIRCRAFT-MQODELS,

APPLI
NT-DEN

#

HYDROXIDES,
COPPER-CHLORIDES,

ROCESS

ANCES,
SITY,

ECONCMY,

PRESSURE-
ATI0O/ CCMBUSTION,
BRIUM-COMPONENTS,

PROPULSION

CHEMIC/
EFFECTS,

COMPRESSION
PRODUCTION

NONFOSSIL,

+ PREPARATION,

MAGNESIUM-OXIDES,
PYROLYSIS,

CADMIUM,

IRON-HYDROXIDES/ PRIDUCTION,
CTROLYS/ GENERATION,
C-SELENI/ FLOW-SHEETs DESIGN,

0GY,

CI1D,

OMINE~COMPQUNDS
EFFICIENCY,
FICIENCY.,

ST,

SUL/ DESIGN,
CHLORIDES,

PROCESS,

EVALUATION,
TRANS/ PRODUCT 10N,
LEAD~CHLORI/ PRIDUCT ION,

IRON-COMPOU/
PROD/ DESIGN,
SULFURIC-ACID,

Cos/

NDENSABLE/ IRREVERSIBILITIES

H=SULF
REVIEW

GY-TECHNGLOGY
OSITICNy
G- INSTRJMENT,

AT ES,
y HYDROGEN,

SULFURIC-

ACID#

PRODUCT ION,
SULFURIC-ACID,
HYDROGEN PRODUCT ION,
SENSITIVITY#

ST EAM=1RON,
STEAME /N,
STORAGE
STORAGE »
STORAGE,
STORAGE,
STORAGE,
STORAGE,
STCRAGE
STIORAGE,
STORAGE
STORASE,
STORAGE,
STORAGE s
STORAGE,
STORAGE#
STORAGE# CARRIER}
STORAGE# FUTURE,
STORAGE# /RNATIONAL, DI STRIBUT
SUBSONIC, AIR-TERMINALS., ECONO
SULFUR-TRIOXIDE# /NICKEL-CADMI
SULFURIC-ACIDy COST-EFFECTIVEN
SULFURIC-ACID, THERMOCHEMISTRY
SULFURIC-ACID# THERMOCHEMIC
SUNLIGHT, B8I0LCGICAL, SCLAR, B
SURFACE-WATERS# /LUTIONS GEOTH
SURVEY sy REVIEW#

SYNTHESIS-GAS, CHEMICAL-REACTO
SYNTHETIC# /VIATION, CHEMICAL-
SYSTEMs WIND-TUNNEL-MQODELS# /T
TECHNIJQUE, ECONGCMIC, PROBLEMS,
TEMPERATURE-EFFECTS# /Ss CURRE
TESTS, FUEL-AIR RATIO, OPTIMIZ
THEORET ICAL# WATER, EQUILTI
THERMAL EFFICIENCYy THREE-STEP
THERMOCHEMICAL—-PROCESSES# /0ON-
THERMOCHEMICAL-PRCCESSES# /ON,

PROCUCT ION,
GAS-COCLED, HYDROCA
ALLOY-BOND ING- THZEQRY
ALLOYS, CALCIUM-CCOMPO
ALLOYS, CORROUSION-PRE
AUTCMOBTLE-FUELSs HYD
BREEDING, COMMERCIALI
COMPUTERSy ELECTRIC-B
DISTRIBUTION, COST-EF
ELECTRIC-POWER-GENERA
HEAT-MEASUREMENT, HYD
HAYBDROGEN PRODUCTICN,
PUBLIC UTILITIES# /HY
PYROLYSI S, RADIATION
VEHICLES, BUSES, CRYOD

SAFETY, I

REVIEW, H
STATUS, DE

THERMOCHEMICAL~-PROCESSES# /4 P

THERMOCHEMICAL,
THERMICHEMICAL,
THEKMOCHEMICAL,
THERMOCHEMICAL,
THERMOCHEMICAL,
THERMOCHEMICAL »
THERMOCHEMIC AL,
THERMOCHEMICAL,
THERMOCHEMICAL,
THERMOCHEMICAL,
THERMOCAEMICAL, STATUS, BISMUT
THERMOCHEMICAL # /CES, GENERAL

THERMOCHEMISTRY# /EMICAL,
THERMODYNAMIC-EFFICIENCY, ZINC
THIN-FILM, DETECTCRS, MEASURIN

« -

DECOMPOSITION,
ECONOMICS, ELE
ECONOMICS, ZIN

HAL IDES sy IRON-
HYODROCHLORIC A
PROOUCT ION, BR
PRODUCT ION, CO
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043011

- 043009
043008
043005

- 050005
010036
010022
010019
030008
020007
021009
021008
021007

- - 023202
050004
010030
023204
030007
030010
010024
020009
033010
023608
021018
021019
021014
010021
D21019
010028
- 021011
- 021008
021010
021013
-- 021016
021012
021009
021006
.- 021007
- - Q10035
' 021008

- 7023606

. 040302



-~ - LIFE=C/ TATALYTIC,

ONFOSSIL, THERMAL EFFICIENCY,
HRUST, EROSIONy NOZZLE-WALLS,
THRUST-CHAMBERS#
MENT, ALLOYS, MICROSTRUCTURE,
YTIC-EFFECTS, IRON-ADDITIONS,
s EFFICIENCY, PHOTOCHEMISTRY,
CRACKINGy, COAL-GASIFICATION,
MBUSTION CHAMBERSs INJECTORS,
CAL, HALIDES, IRON-CHLORIDES,
Se MICROSTRUCTURE, TITANIUM-/
GENERATOR,
TURBINE,s CATALYSIS,
ERIESy SPAC/ ELECTROCHEMICAL,
ORS, HYDROGEN STORAGEs PUBLIC
CAKRBONS, PROCESS/ PRODUCTION,
LUIDIZED-B/ HYDRIDE, STORAGE,
ECRAFT-PROPULSION/ AEROSPIKE,
CROPSy BIOMASS, GASIFICATION,
PRCDUCTS, SOLUTION CHEMISTRY,
ON# PHDTOLYSIS,
PRODUCT IONy, THEDORETICAL#
HAZARDS, HYDIOGEN FUEL-CELLS,
FT-MODELS, PROPULSIGON SYSTEM,
NE-COMPOUNDS, IRON-COMPOUNDS,
ONy THERMODYNAMIC-EFFICIENCY,
Ne THERMOCHEMICAL, ECONGMICS,

ENERATOR,

L

THREE-STEP# N
THRUST-CHAMBERS# T
THRUST, EROSIONy NOZZLE-WALLS,

TITANIUM-CARBIDES# / EMBRITTLE
TITANIUM-OXIDES# CATAL
TITANIUM-OXIDES# /CTROCHEMICAL
TOXICOLOGY, AIRCRAFT-FUELSs EN
TRANSDUCERS# 7/, PROPELLANT, CO
TRANSITION ELEMENT# /ERMOCHEMI
TRAPPINGy EMBRITTLEMENT, ALLODY
TURBINE, CATALYSI S, TURBOJET,

TURBOJETs LIFE-CYCLE-CJISTS# /G
UTILITIES, NICKEL-CADMIUM BATT
UTILITIES# /HYDRIDES, COMPRESS
UTILIZATIONy GAS~-COCLED, HYDRO
VEHICLESs 3USES, CRYOGENICS, F
VEHICLES, GAS-GENERATJRS,s SPAC
WASTE-UTILIZATION# /HEMICALS,

WATER-DECOMPOSITION# /ENSABLE-
WATERy CATALYSIS, PHOTOOXIDATI
WATERy EQUILIBRIUM-COMPONENTS,
WI ND~POWER# ENVI RONMENT AL »

A IND-TUNNEL-MOODEL S# /T, AIRCRA
ZINC-COMPOUNDS # /UCTION, BROMI
ZINC-OXIDES# /YDROGEN PRODUCTI
ZINC-SELENIDES# /-SHEET, DESIG
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021018
033012
033012
040301
021017
020006
010037
033011
021010
040301
033008
033008
020007
043009
020503
043005
033009
023201
021006
023609
023608
050006
030010
021016
023606
" 021011



